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To the chimpanzees of Fongoli: 
Sleep tight... 
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Abstract 
Chimpanzees differentially utilize their environment for different activities. This 
study examines the use of habitat by Western chimpanzees (Pa~~ troglodytes verus) living in 
a savanna mosaic environment at Fongoli, Senegal through both behavioral observation and 
examination of nesting ecology via a comprehensive survey of nest sites. Specific questions 
addressed with reference to habitat use and nesting ecology include those of safety, resource 
defense and acquisition, and comfort. Habitat availability was determined by transect 
sampling. Habitat use was explored on multiple scales, including levels of habitat type, area 
features, and, with regard to nesting ecology, tree features. 
On a coarse scale, chimpanzees most preferred gallery forest for both daily activity 
and nesting. Woodland was also selectively utilized in both cases, while plateau was 
avoided. Evidence supports the selective utilization of areas with higher than average canopy 
cover and stem density for nesting. The availability of resources, both food and water, also 
influenced the location of nesting sites. The same general areas within the core range were 
often exploited repeatedly for nesting, but whether this is related to resource availability, 
habitat structure, or other factors has yet to be determined. On a finer scale, the chimpanzees 
selected nesting trees that were taller than average, had taller than average crowns, and had 
larger stem diameters than the average trees at Fongoli. They also preferred certain tree 
species for nesting, namely Cola cor~difolia (taba) and Ptc~roca~pirs erinaceus (keno). No 
seasonal differences in habitat use were observed for either daily activity or nesting. 
It appears that resource location and safety considerations influence habitat selection 
on a coarse scale, while finer scale decisions (e.g., nest height, tree species) with regard to 
habitat use may be based more on comfort. Social factors also likely play a role in both 
X11 
coarse and fine scale habitat selection. The implications of conclusions about habitat use by 
savanna chimpanzees can contribute to models of habitat use by Plio-Pleistocene hominids; 
nesting ecology is specifically pertinent with regards to hominid sleeping sites and activities 
such as carcass processing that require similar attributes, such as safety and resources. 
Lastly, this multi-scale investigation into habitat use has direct relevance to chimpanzee 
conservation. 
1 
Chapter 1. Introduction 
1.1 Project Overview 
The investigation of chimpanzee (Pcm t~~oglodvtes) and, specifically, savanna 
chimpanzee habitat use has implications for insight into both hominid evolution and 
chimpanzee conservation. Knowledge of how living non-human primates utilize certain 
habitat types can be applied to referential models of hominid evolution, as it may provide 
proximate explanations for behavioral response to similar environments. In particular, 
nesting ecology of chimpanzees can show which habitat features influence the selection of 
certain places for specific activities (i.e., sleeping), and it may also reflect daytime habitat 
use. The environment of the Fongoli study site in southeastern Senegal resembles the mosaic 
savanna habitat that early hominids are thought to have inhabited (Peters, 1979; Moore, 
1996; McGrew et al., 1981). In addition to increasing understanding of extinct primate 
relatives, information about habitat use can also be extrapolated to address conservation 
concerns related to the future of our living cousins, the chimpanzees. This study examines 
the use of habitat by the West African subspecies of chimpanzees (P.t. ve~~us) living in a 
savanna habitat at Fongoli through behavioral observation and detailed study of nesting 
ecology. 
Hof~zii~id habitat trsc~ 
The hominid lineage, the family that includes the bipedal ancestors and relatives of 
modern humans, has undergone a series of evolutionary modifications thought in large part to 
be a result of environmental change (Kappelman et al., 1997). While these changes occurred 
over millions of years, a common focus of anthropology has been the events of the Plio-
Pleistocene, roughly 2.5-1.5 million years ago (mya). Multiple lines of evidence, including 
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fossil mammal assemblages, reveal a shift from more closed forests to fragmentary mosaic 
habitat that includes more secondary grassland (deMenocal, 1995). The shift from a closed 
forest habitat to a more open savanna habitat during this period is thought to be associated 
with ecological conditions that played a significant role in hominid evolution and the 
development of many distinctively hominid characteristics (e.g., habitual bipedalism) (Vrba, 
1985a; Isbell and Young 1996). 
The transition from a closed mesic environment to a more open and dry one is also 
concurrent with the disappearance of Atfstralopithecirs and the appearance of Ho~r10 erecters 
in the fossil record. around 1.8 mya (Ruff, 1994). A number of morphological and 
behavioral traits of H. erectus, many of which are also shared with modern humans (H. 
sapiens sapiens), are hypothesized to be a result of this large-scale environmental change. 
The major associated hominid changes include larger brains and bodies, habitual bipedalism, 
modern body proportions, more sophisticated tools, and an increase in diet quality, usually 
attributed to the inclusion of meat in greater proportion (Spencer, 1997). Bipedalism, though 
not fully orthograde posture, existed in earlier hominids, including other H. species, prior to 2 
mya, so environmental change alone cannot be attributed to causing this locomotor behavior. 
It can, however, be interpreted as helping to shape and refine the ability that is seen in 
modern humans (Spencer, 1997). 
Anthropologists exploring the effect of Plio-Pleistocene environmental change on 
hominid evolution recognize the limitations of their conclusions, citing possible errors most 
commonly stemming from small sample sizes and taphonomic influences on fossil 
assemblages. Due to many of these same discrepancies, it is less certain whether 
Australopithecines also inhabited open mosaic habitats (Reed, 1997; Potts, 1998), but it is 
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generally agreed that some Ai~~stralopithecus species and most Paraj~thi~optrs species did live 
in such an environment (Sponheimer and Lee-Thorp, 1999; Reed, 1997). Speculations about 
the role of the environment in shaping hominid evolution have been made for both H017Z0 
species and Australopithecines, often using environmental reconstruction techniques. 
However, relatively untapped resources for creating or improving models are also 
recognized, specifically extant chimpanzees living in savanna habitats (Moore, 1992). 
Knowledge of habitat use by extant chimpanzees living in environments similar to 
those of Australopithecines and Hoj~7~o species has important implications for understanding 
hominid evolution. As little is known about hominid habitat use, information about savanna 
chimpanzees may be used in referential models of hominids' adaptation to a more open 
habitat. Specifically, the evaluation of nesting patterns could supplement archaeological data 
that suggest trends of hominid habitat selection (Moore, 1996; Sept, 1998). Because 
inforn~ation about habitat utilization by savanna chimpanzees is sparse and often based on 
indirect data (Suzuki, 1969; Baldwin, 1979; McGrew et al., 1981; Tutin et al., 1983; Hunt 
and McGrew, 2002; Pruetz et al., 2002; Pruetz et al., submitted), this research provides 
insight into not only behavior of hominids, but into that of living chimpanzees as well. 
Chinipaj~zee co~~se~watio~~ 
The rate at which humans are transforming the world is increasing rapidly (Sisk et al., 
1994) due to the greater demand for resources (Scott et al., 2001), leading to a heightened 
number of animal extinctions or endangerments (May et al., 1995). Owing in large part to 
human influences, namely habitat loss and the exotic animal market, almost half of the 
primate species worldwide are threatened to some degree (Chapman and Peres, 2001; IUCN, 
1996). Not least of all, is the chimpanzee. Chimpanzees live in some of the most biologically 
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diverse and simultaneously threatened habitats in the world, and their populations have 
declined by 66% in the past thirty years, leaving only a meager 200,000 wild individuals 
(Kormos, 2003). 
Of the four subspecies of P. troglodvtes, P. t. ve~~us, the western subspecies, is 
considered the most critically endangered (Kormos, 2003), with only an estimated 38,000 
remaining (Butynski, 2003). In West Africa, chimpanzee numbers are steadily declining, 
largely as a result of hunting and agricultural expansion, which has led to an alarming rate of 
habitat fragmentation and disappearance (Kormos et al., 2003). The forests of the Ivory 
Coast and Guinea are home to the majority of western chimpanzees, and in Senegal, which is 
the westernmost limit of their range, extrapolations from counts at specific field sites and 
preliminary surveys estimated that there were 200-400 chimpanzees left in the country in 
2003 (Carter et al., 2003; Pruetz et al., 2002). 
Though hunting does not appear to be a critical problem at Fongoli, expanding human 
populations in the region (Sall, 2000) are contributing to habitat disappearance, as the land 
and its resources are needed to support cultivation practices. The demolition and 
modification of land by humans is proposed to be the most prevalent threat to chimpanzees in 
Senegal (Carter et al., 2003). Not only does habitat loss affect the availability of resources, 
but it also creates competition with human neighbors and genetic isolation among 
chimpanzee populations (Carter et al., 2003 ). 
The demand for timber resources and agricultural land is not as great in southeastern 
Senegal as in other areas of West Africa (Pahren and Byler, 2003; Duvall, 2003), but the need 
for land is certainly growing, and the patchy nature of the environment may respond in an 
even more detrimental fashion as resources are in low abundance from the start. The 
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population in Kedougou, the largest city in southeastern Senegal, has been increasing steadily 
for some time. There were 1200 people living there in 1955, 7700 in 1976, and almost 
14,000 in 1998 (Sall, 2000), and there are undoubtedly even more at this time. About 10 km 
from Kedougou live the Fongoli chimpanzee community, who share their range with many 
people, most of whom are subsistence horticulturalists or pastoralists (Fig. 1.1). 
~: 
_~ 
h ~^ ~.~~. .~ _ _ 
Figure 1.1. Human (and goat) habitation in the village of Fongoli, 10 km from Kedougou 
Agriculture is not necessarily incompatible with chimpanzee habitat. Farming has 
been part of the livelihood of West African people for at least 2000 years (Clark and Brandt, 
1984), and chimpanzees and humans have been living in the same areas for hundreds of years 
(Humle, 2003). Chimpanzees and humans in the Fongoli region have been living in some 
degree of symbiosis for many years, but because the study site has only been active for five 
years, it is difficult, if not impossible, to gauge recent reactions of the chimpanzee 
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community to expanding human populations. One anthropogenic effect of the human 
population growth has been the propensity of people to utilize the bush for cash resources, 
namely Saba senegalej~sis fruit, which is consumed by people and chimpanzees alike, 
creating competition for this resource (Waller, 2005; Pruetz, unpublished data). Another 
serious consequence of the growing human population is habitat fragmentation, as areas are 
modified to accommodate the influx of people and their need for land. 
While competition between humans and chimpanzees cannot be avoided, it is 
imperative that the issue is addressed so that conservation strategies that work for both 
species can be implemented. The protection and management of existing habitat occupied by 
chimpanzees, in conjunction with legal measures, is often cited as the highest conservation 
priority in the effort to save our closest living relative from extinction (Balcomb et al., ?000). 
With information about how different habitats are used by chimpanzees, through both direct 
observation and indirect evidence (i.e., nesting ecology), it will be possible to know which 
areas are critical to their survival, and if the need arises in the future, a management plan can 
take this into account. 
The conservation of chimpanzees is crucial, both for their intrinsic value and for the 
opportunities they provide to anthropological research. The Fongoli study site in the 
Tomboronkoto region of southeastern Senegal offers an ideal opportunity to examine 
different habitat types that are shared by humans and savanna chimpanzees. These habitat 
types include gallery forest, woodland, grassland, plateau, and bamboo woodland areas, 
which also are similar to those in the hypothesized environment of Plio-Pleistocene hominids 
(McGrew et al., 1981). Additionally, this is the first field site of its kind where chimpanzees 
have been habituated in an open environment to the point that systematic behavioral 
observation can be conducted. Information about habitat use gained through the study of 
chimpanzee behavior and nesting ecology has broad implications for both conservation and 
theories of hominid evolution; to best conserve necessary habitat in ways that work for 
chimpanzees and humans alike, while also contributing to models of hominid habitat use, it is 
important to determine how these various environments are utilized. 
1.2 Objectives 
This research examines how chimpanzees (P. t. ve~~Lrs) living in a savanna 
environment utilize the various habitat types available to them. This objective was achieved 
by collecting observational data on chimpanzee behavior and investigating their nesting 
ecology. Daytime habitat use was investigated by means of behavioral observation, while 
nighttime habitat use was based on indirect data, namely nests. The goal of this aspect of the 
research is twofold. First, a comparison of activity budgets of chimpanzees among and 
within the different habitat types can illustrate selection of the various habitats for specific 
purposes (e.g., feeding, resting). For example, savanna chimpanzees at Mt. Assirik, Senegal, 
preferentially utilize gallery forest and woodland for feeding, but they also use grassland 
during times of food scarcity (McGrew et al., 1981). Second, in order to investigate habitat 
use on multiple scales (Bissonette et al., 1997), ecological variables also considered in the 
nesting analysis (e.g., canopy cover) are used to determine what features of each habitat type 
are important for different activities (e.g., feeding, social behavior, etc.). 
It has been found previously that the Fongoli chimpanzee community builds night 
nests primarily in woodland, followed by grassland, gallery forest, bamboo, and plateau 
habitats, respectively (Pruetz et al., submitted). These findings do not reflect the availability 
of all habitat types, so it is evident that selection of certain habitats, namely gallery forest, is 
occurring (Pruetz et al., submitted). The current study aims to determine which general 
factors may be important in selecting an area in which to nest (e.g., proximity to resources), 
which attributes of these areas are most important for nesting site selection (e.g., stem 
density), and what specific features are actually selected for nesting (e.g., nest tree height). 
Additionally, seasonal differences in nesting are examined, and grouping patterns (e.g., 
number of nests in group) are compared to ecological variables to ascertain possible 
relationships between habitat and social behavior. 
The data collected here on nesting sites are compared to habitat structure and 
availability, as determined by transect sampling, to establish if selection of certain habitat 
characteristics occurs. Data from nesting sites show which characteristics of available 
habitat are being used, as well as to what extent utilization of these characteristics occurs. If 
habitat use is significantly different from availability, it will be evident that certain habitat 
types and/or features are being selected or avoided. The following hypotheses include 
predictions about habitat use as related to chimpanzee behavior and nest site selection. 
1.3 Hypotheses 
1.3a Habitat use 
Habitat type: 
• Ha: The Fongoli chimpanzees will selectively utilize certain habitat types. 
• H~,: Habitat types will be utilized in proportion to their availability. 
Activity: 
• H~,: There will be a difference in behavior observed among habitat types. 
• H~,: There will be no difference in behavior observed among habitat types. 
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Ecological components: 
Canopy cover 
• Ha: A positive correlation will exist between percent canopy cover and 
habitat use. 
• Ho: There will be no correlation between canopy cover and habitat use. 
• Ha: Certain behaviors will occur under a higher average canopy cover. 
• Ho: There will be no relationship between canopy cover and behavior. 
Location (arboreal, terrestrial, vines) 
• Ha: There will be differences in the percent of time spent in certain locations 
among habitat types. 
• Ho: There will be no differences in location among habitat types. 
1.3b Nesting ecology 
Habitat type: 
• Ha: Fongoli chimpanzees will preferentially nest within certain habitat types. 
• Ho: Habitat types will be utilized for nesting in proportion to their 
availability. 
Area features: 
Canopy cover 
• Ha: There will be a positive relationship between nest frequency and canopy 
cover. 
• Ho: No relationship will exist between nest frequency and canopy cover. 
Stem density 
• Ha: There will be a positive relationship between nest frequency and stem 
density. 
• Ho: No relationship will exist between nest frequency and stem density. 
Nesting tree: 
Tree height 
• Ha: There will be a positive relationship between tree height and nest 
frequency. 
• Ho: No relationship will exist between tree height and nest frequency. 
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Crown height 
• Ha: There will be a positive relationship between crown height and nest 
frequency. 
• Ho: No relationship will exist between crown height and nest frequency. 
Diameter at breast height (DBH) 
• Ha: There will be a positive relationship between DBH and nest frequency. 
• Ho: No relationship will exist between DBH and nest frequency. 
Tree species 
• Ha: Certain tree species will be selected for nesting. 
• Ho: Nests will be located in trees in proportion to species availability. 
Nest characteristics: 
Nest height 
• Ha: Nests will be built as high as possible. 
• Ho: Nests will be randomly distributed with regard to height within the 
crowns of trees. 
• Ha: Nest height will be negatively correlated with canopy cover. 
• Ho: No correlation will exist between nest height and canopy cover. 
• Ha: Nest height will be negatively correlated to stem density. 
• Ho: No correlation will exist between nest height and stem density. 
Nest cover 
• Ha: Nest cover will differ among habitat types. 
• Ho: There will be no difference in nest cover among habitat types. 
Nearest neighbor 
• Ha: Nest proximity to neighbor nests will be negatively correlated with 
canopy cover and stem density. 
• Ho: There will be no correlation between proximity to neighbor and habitat 
structure. 
Escape route 
• Ha: Escape routes will exist for all nest sites. 
• Ho: Escape routes will not exist for all nest sites. 
Resources 
• Ha: Nesting sites will be located most often near food and water resources. 
• Ho: Nesting site location will not be related to food and water resources. 
I1 
Precipitation: 
• Ha: There will be a negative relationship between rainfall and nest cover. 
• H~: No relationship will exist between rainfall and nest cover. 
• Hd: Nest height will be higher when there is precipitation. 
• H~,: There will be no relationship between nest height and precipitation. 
Nest br~oirp 
Number in tree 
• H~,: The number of nests in a tree will be positively correlated with crown 
diameter. 
• H~,: There will be no correlation between the number of nests in a tree and 
crown diameter. 
Number in group 
• Ha: The number of nests in each group will vary seasonally. 
• H~,: There will be no seasonal differences in the number of nests in a group. 
• The number of nests in a group will vary by habitat type. 
• Habitat type will have no effect on the number of nests in a group. 
Distance group spans 
• H~,: The nest group distance will vary among habitat types. 
• H~,: There will be no difference in nest group distance among habitat type 
These hypotheses address both ecological and social factors relevant to savanna 
chimpanzee habitat use and nesting at Fongoli, Senegal. Specifically, they explore 
components of models related to safety, resource defense, and preference for certain features 
(e.g., those that provide physical comfort). Testing these hypotheses fosters additional 
material for use in referential models of hominid habitat use. It also provides conclusions 
and further questions about savanna chimpanzee ecology that are useful in conservation. 
Though the data garnered on chimpanzee behavior and nesting may be only small pieces to 
these various puzzles, they can contribute to knowledge about both our past hominid 
ancestors as well as our current living relatives, chimpanzees 
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Chapter 2. Habitat Use 
2.1 Introduction 
The reconstruction of habitats through various means aids in the creation of a picture 
of past hominid environments. When this is coupled with geologic and climatic information, 
the large-scale changes that took place are illuminated. While there will always be gaps in 
the fossil record, and living primates (human and non-human) can never provide exact 
replicates of past hominid situations,' the combination of the two can help to form a more 
complete picture of life in the past. The Plio-Pleistocene is one of these crucial points to 
explore, as changes that took place during that time likely led to many of the morphological 
and cultural adaptations that are still present in humans today. 
Environmental change during the Plio-Pleistocene has been posited as playing a 
significant role in human evolution. Hominids had to adapt to a changing environment, 
resulting in many traits that remain prevalent in modern humans (Isbell and Young, 1996; 
Tattersall, 2000; McHenry and Coffing, 2000). Many attempts have been made to 
reconstruct the habitat of past hominids, but these reconstructions lack the specifics 
necessary to draw explicit conclusions about evolution. Generally, it has been proposed that 
Australopithecines lived in more forested environments, while later hominids (i.e., Homo 
spp.) inhabited a more arid, mosaic savanna habitat that included open grassland, plateau and 
woodland. 
Using extant savanna chimpanzee behavior is valuable in referential models of 
hominid behavior, as their environments are thought to be similar (Suzuki, 1969; Peters, 
1979; McGrew et al., 1981; Moore, 1992). Specifically, examining nesting ecology of 
savanna chimpanzees may shed light on hominids' use of central places for congregation, 
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food sharing, and sleeping (Sept 1992a,b), in addition to providing general data about 
differential use of a mosaic environment. Lastly, investigation of habitat use, through both 
direct and indirect observation, is imperative in learning more about chimpanzees 
themselves, as this understanding has significance for both knowledge of natural history, 
captive management, and conservation. 
2.2 Plio-Pleistocene Hominids and Habitat Use 
Plio-Pleistocene ef~viros~mental c1~aj~ge 
The late Miocene to early Pliocene (3.5-2.5 mya) has historically been considered a 
period of desiccation and diminishing forests (Robinson, 1963). However, there are few 
fossil primate sites known from the late Miocene, and those that exist do not provide 
sufficient or reliable evidence to support this claim (Kappelman, 1995; Spencer, 1997). 
Instead, based on inference drawn from fossil bovid remains, it seems that woodlands and 
forests dominated Miocene environments (Kappelman, 1995). Subsequently, ideas that early 
hominids (i.e., Australopithecines) lived in extensive savanna grasslands have been 
considered misconstrued (Spencer, 1997). It has been also been noted that during a global 
climate change in the late African Pliocene early hominids inhabited more closed, wooded 
habitats (Vrba, 1985b). However, there is support for the development of savannas during 
the Plio-Pleistocene, thus the focus here on aridification and habitat change during this time 
period. 
Large-scale climate change can be seen in the Plio-Pleistocene through marine 
evidence that indicates a change from moist, humid habitat to one that is hot and dry 
(deMenocal, 1995). Stable carbon isotope measurements from Plio-Pleistocene samples have 
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provided evidence for at least three episodes of aridification, at 3.58-3.35 mya, 2.52-2mya, 
and 1.81-1.58 mya (Wynn, 2004). These periods coincide with major changes in the global 
climate, namely glaciation of the northern hemisphere (Wynn, 2004). While this overlap in 
timeframe cannot prove causality (Wynn, 2004), these shifts are also fairly concurrent with 
vegetational change (Kappelman et al., 1997) and major events in hominid evolution 
(deMenocal, 1995). 
Vegetatio~7a1 cha~7ge 
While many factors likely influenced environmental change, global cooling around 
2.5 mya has been cited as the probable primary cause of the spread of secondary grasslands 
in South and East Africa, which has been noted as the most significant vegetational change of 
the Plio-Pleistocene (deMenocal, 1995). To determine whether secondary grasslands were 
prevalent in Africa during the course of hominid evolution, Spencer (1997) examined the 
hypothesized preferred diet of contemporaneous herbivores. Taxa that show adaptations to 
feeding in secondary grasslands are known from around 2mya in East Africa, allowing the 
conclusion that secondary grasslands were a significant part of the landscape by that time 
(Spencer, 1997). Fires due to aridification or clearing of woody vegetation as a result of 
tectonic activity have also been cited as probable causes of increased savanna in East Africa 
during the Plio-Pleistocene (Spencer, 1997). 
Data on environmental change must stem from many sources (Avery, 2001); thus 
studies have incorporated evidence from geology, faunal remains, and hominid fossil 
remains, among others, in attempts to reconstruct the known hominid environments of the 
Plio-Pleistocene. Perhaps the most common method of reconstruction is inference about 
environment from faunal fossil remains that are found in association with fossil hominids 
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(Reed, 1997; Avery, 2001). Based on the morphology of these associated mammals, the 
adaptations they possessed can be used to infer which type of habitat they likely occupied. 
Though data about habitat preferences of hominid species are increasing, there is not 
considerable agreement about specific habitat use; instead the conclusions remain fairly 
generalized (Sikes, 1994). Moreover, differences in operationally defining habitats make it 
difficult to directly compare results across studies. Dividing paleohabitats simply into only 
open, intermediate, or closed, can be problematic, namely because there can be such 
variability within the `intermediate' category (Kappelman et al., 1997). Deciphering more 
specific habitat features, such as `woodland' or `wooded grassland' (e.g., Reed, 1997; 
deMenocal, 1995) is more useful in determining how environment may have influenced 
hominid evolution. 
Avery's (2001) reconstructions are one example of a habitat study that involves 
micromammal fossils from South Africa. His evidence indicates that the environment at the 
Sterkfontein site was an ecotone between grassland and savanna biomes, with the savanna 
being both arid and moist. Overall, Avery (2001) concludes that the environment at 
Sterkfontein was fairly open, and when combined with other evidence, it was interpreted as 
primarily composed of open woodland and bush and thicket with secondary areas of wooded 
grassland and open plains. 
It has long been thought that Australopithecines lived during a transitional period in 
which they shifted from living in a wooded environment to a more savanna-like dwelling 
(Dart, 1925; Dart, 1953; Jolly, 1970), but many contest this conclusion (see Potts, 1998 for a 
review). More recently in East Ati-ica, fossils of Australopithecus afarensis have been found 
associated with mammalian fossils indicative of a closed woodland habitat, leading to the 
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conclusion that it is probably the case that at no point was an open arid habitat characteristic 
of A. afai~ei~sis (Reed, 1997). Moreover, according to Reed (1997) it is likely that there were 
significant portions of the environment dominated by riverine forest without extensive 
grasslands. Overall, based on isotopic and fossil pollen analyses, it is thought that A. 
afai~ensis generally lived in habitats that contained abundant water sources and significant 
tree cover (Reed, 1997). However, there are other lines of evidence, namely mammal and 
arthropod fossils, that provide support for the hypothesis that even early Australopithecines, 
including A. afaj•ensis, lived in a mosaic habitat of savanna and woodland (Potts, 1998). 
In South Africa, Australopithecars afi•icaj~i~s fossils have been found in areas where 
the mammalian community suggests a habitat mosaic of riparian woodland, bushland, and 
edaphic grassland (Reed, 1997). Isotopic evidence also suggests that A. afi~icanus foraged in 
open habitats like woodland and grassland (Sponheimer and Lee-Thorp, 1999). It has been 
proposed that the woodland/bushland habitats utilized by Australopithecines all contained 
water resources, indicating that their environment was somewhat static (Stanley, 1992; Reed, 
1997), though the habitat of A. afi•icaj~its may have been slightly drier than that of A. 
afarc~~sis. As Pliocene habitats became drier and more open, these hominid populations 
began to diminish. They appear to have eventually met their extinction around 2.5 mya, 
perhaps as they reached their hypothesized "environmental tolerance limit" of dry conditions 
(Reed, 1997). 
PurantivopLrs aethiopicus (Australopithecinae) in East Africa has been found in 
association with mammalian assemblages that indicate an environment that was primarily 
bushland to open woodland, with variable amounts of grassland (Reed, 1997). There have 
been few fossils of this species recovered, making it difficult to determine their preferred 
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habitat types. In general, their habitat appears to be more closed than those of other 
Paranthi-opus species (Reed, 1997). 
Pa~~ajzth~~opus boisei is found in areas of East Africa interpreted to have been fairly 
open woodland to scrub woodland, but these sites also contained edaphic grasslands, which 
are indicative of ample water resources (Reed, 1997). However the habitat of P. boisei does 
appear to be more open than that of P. aethiopicus. South African P. i~obt~stus, on the other 
hand, has been recovered from areas where the faunal assembla~~es indicate a more acid 
environment (Reed, 1997). In general, Reed (1997) found that Pa~~a~zth~-opits species were 
consistently found near water sources. 
Paraf~thropi-ts fossils most commonly have been recovered from early Pleistocene 
sites and not from middle Pleistocene localities characterized by arid grasslands (Reed, 
1997). Reed (1997) suggests that Pay-ai~thro~us probably encountered dynamic and 
decreasing resources, especially with respect to stable water sources, as aridification occurred 
throughout the early Pleistocene. It is likely that some of these changes occurred seasonally, 
but there is also the possibility that change was characterized by a single drastic event (Reed, 
1997), similar to the drying event recorded about 1 mya (deMenocal, 1995). Though other 
mammals appear to have adapted to and survived these changes, they may have been the 
cause of extinction for the less plastic Pa~•a~~thr~o~us species (Reed, 1997). The last known 
robust Australopithecines date to approximately 1.4 mya (deMenocal, 1995). They may have 
been more subject to extinction because of dietary specialization, or it may be that they 
inhabited a more mesic niche then Homo spp., and they were unable to compete when 
aridification occurred (Reed, 1997). 
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The earliest pieces of evidence for the genus Homo are found in East African 
sediments dated to approximately 1.9-2.5 mya (deMenocal, 1995). Associated mammals 
indicate that the environments inhabited by Homo species were generally open with riparian 
woodland and wooded grasslands (Fig. 2.1) (Reed, 1997). However, it is also likely that 
these habitats were drier than previous ones and probably underwent a greater degree of 
seasonal change, especially with regards to water availability (Reed, 1997). When examined 
at the genus level, Homo lived in a wider variety of habitats than did Australopithecus or 
Paranth~opus (Reed, 1997). Earlier Homo species (e.g., H. habilis) are found in association 
with Pa~anthropus species; if they were in fact sympatric, it is possible that they utilized 
different niches, with Pa~anthropus foraging in edaphic grasslands and Homo using other 
microhabitats (Reed, 1997). 
Figure 2.1. A rendition of the woodland-grassland habitat of early Homo ©Ariane Failer 
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More evidence is needed to elucidate the nature of sympatry between Parantl7r~opus 
and Homo, but fossils of later Homo species (i.e., H. erectus) are clearly associated with 
habitats that can be described as secondary, dry grassland (Reed, 1997). This leads to the 
conclusion that H. erectus was likely the first hominid to live in open savanna (Stanley, 
1992; Reed, 1997). H. erectus fossils are found dating back to approximately 1.8 mya; 
arowld this same time, there is a shift in the bovid fossil record that implies a transition to 
arid species (deMenocal, 1995). By 1 mya H. erecters was widespread across Asia, 
Indonesia, Europe, and Africa, and evidence points to a large amount of both morphological 
and cultural evolution within this species (deMenocal, 1995; O'Connell et al., 2002). Though 
the fossil evidence is somewhat lacking, this model is continually supported by new data. 
Later hominid evolution 
Homo erectus, a hominid with a slightly more derived cranial capacity than earlier 
Ho»~o species, is described as the first fully bipedal hominid, with associated limb 
proportions (Tattersall, 2000; McHenry and Coffing, 2000). H. erectus (1.9 mya-500 tya) 
was larger in body size and more linearly built than Australopithecines and had abarrel-
shaped chest characteristic of anatomically modern humans (Ruff, 1994; McHenry and 
Coffing, 2000). A suite of additional traits also distinguishes H. erectus from 
Aitstralo~ithec~ais species, including smaller molars and mandibles, a hypothesized smaller 
intestinal tract, and modern human limb proportions (McHenry and Coffing, 2000). It has 
been inferred that the features that differentiate H. crectus from earlier Homo and 
Australopithecines, specifically the heightened lean body form, are adaptations for heat 
thermoregulation in open, dry grassland, and this same form is seen in modern Nilotic people 
who live in similar environments (Spencer, 1997). Another distinguishing feature of H. 
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erectus is large brain size, although it is hard to tell whether this is simply a byproduct of 
increased body size (O'Connell et al., 2002). 
When considered altogether, the derived traits that characterize H. e~~ectus indicate 
more efficient bipedalism, larger ranges, and a better diet with associated technology 
(O'Connell et al., 2002). "Most analysts agree that a shift in diet was crucial to the evolution 
of early Ho»zo. The problem lies in identifying the resources involved and showing how their 
exploitation led to the indicated changes in morphology, life history, and ecology" 
(O'Connell et al., 2002: 834). Though Hojno appears to have been the first to persist in open 
arid grassland, the change from a closed to open environment occurred over time from 4 to 2 
mya, as evidenced by the associated mammalian fauna (Reed, 1997). Thus open savannas do 
not seem to have shaped early hominids, but more likely, the expansion of such habitats 
contributed to their extinction (Reed, 1997). 
Habitat reconstruction is useful in creating models of environmental change and 
associated evolutionary events. Though conclusions like those above provide a general 
picture of hominid environments during the Pliocene and Pleistocene, more detailed 
reconstructions are necessary to pinpoint the origins of behavioral and biological adaptations 
(Kappelman et al., l 997). All hominids were possibly very generalized in their locomotor 
and foraging behavior, which would have allowed them to utilize a plethora of habitats 
(Kappelman et al., 1997). Kappelman and colleagues (1997) conclude through their studies 
in East Africa that Plio-Pleistocene habitats were much more complex than those previously 
envisioned. 
These results suggest the presence of a variety of habitats ranging from 
primarily more open conditions (light cover and open country) to more closed 
conditions (heavy cover) with limited evidence for forest. Plio-Pleistocene 
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hominids had moderately large body masses and, with inferred large day and 
home ranges, probably moved through all of these habitats (Kappelman et al., 
1997: 249) 
Following this, Premo (2005) also suggests that Plio-Pleistocene hominid fossils and 
material remains are found in a variety of paleohabitats including "swamps, treeless to 
wooded grasslands, woodlands, and gallery forests" (212). Thus, hominids prior to H. 
ej~ectus were exposed to such environments, and the evolutionary changes are more likely a 
consequence of "fragmentation of closed habitat" rather than simply "expansion of open 
habitat" (Premo, 2005: 212; Susman et al., 1984). 
It's hard to accept that late Pliocene hominids seemingly still physically 
adapted to closed habitats—would have voluntarily abandoned habitable 
woodland patches in order to compete for the treeless ecological niche. 
The inverse of this popular explanation embodies a more plausible 
evolutionary scenario. That is, in the face of significant ecological 
changes caused by a cooling and drying climate, hominid populations 
continued to adapt (in this case, largely behaviorally) in ways that 
enhanced their utilization of woodland patches, not open grasslands. The 
loci of Plio-Pleistocene hominid social evolution, therefore, can be found 
in disjointed patches of closed habitat, not in treeless expanses. As open 
grasslands encroached upon woodlands, resource patchiness would have 
facilitated assortative interactions within hominid subgroups relegated to 
slowly shrinking islands of preferred closed habitat. (Premo, 2005: 213) 
This conclusion is an important consideration, as little information is obtainable about the 
actual use of habitat types by extinct hominids, and inferences can only be made about large-
scale patterns such as dispersal, diet change, and the adoption of tool use. 
. While the cause of dispersal of relatively large-bodied, large-brained hominids is 
poorly known, recent studies have shown that it occurred in the early Pleistocene (Anton et 
al., 2002). Anton et al. (2002), using demographic and reproductive variables, calculate 
predicted dispersal rates for early Ho~~io from Africa and compare these to other mammals. 
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They also consider the influence of diet on home range size using data from extant primates. 
They conclude that the dispersal of rlor~7o from Africa was relatively rapid and must have 
been influenced by other factors they did not calculate, namely ecological change (Anton et 
al., 2002). H. ei~ectus home ranges could be about two to ten times that of Australopithecines 
(Anton et al., 2002). Unlike k-selected apes whose ranges decreased (Fleagle, 1998), k-
selected hominids dispersed extensively beginning 1.8 mya, more proficiently than did r-
selected monkeys at the same time (Anton et al., 2002). 
It is possible that the barriers present today (e.g., Sahara) may not have been present 
during the Plio-Pleistocene, but there needs to be a better explanation for dispersal aside from 
just a lack of barriers (Anton et al.; 2002). Factors that allowed this rapidity beyond what 
might be expected include increased dietary quality and the ability to maintain larger home 
ranges, both of which probably resulted from a change in environment from more forested 
area to an increase in grasslands (Anton et al., 2002). These vegetative changes coincided 
with an increase in herbivores, as well as a large amount of herbivore "interchange" between 
Africa, Asia, and Europe (Anton et al., 2002). 
Increased aridity during the Plio-Pleistocene led to the expansion of grasslands, which 
is associated with increased primary productivity, changed diet and foraging behavior, and 
increased body and brain size in hominids (Tattersall, 2000; McHenry and Coffing, 2000). 
This was possibly because of increased inclusion of animal fat as a significant part of diet; 
this has also been suggested as a distinction between Australopithecines and HonTo (Anton et 
al., 2002). Ecological changes provided new niches for herbivores (grassland, woody 
grassland), increasing secondary productivity (Anton et al., 2002). Larger brained/bodied 
hominids took advantage of this new faunal resource by hunting or scavenging, thereby 
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increasing their own success (Anton et al., 2002). For those reasons ecological change and 
the resulting shift in herbivore populations have been cited as initiating and supporting the 
dispersal of H. e~~ectus (Anton et al., 2002). Thus, H. erectr.~s relied more heavily on 
migrating animals for food, so they moved more frequently, presumably following herds 
(Anton et al., 2002). The longer femur of H. e~~ectus as compared to previous Homo species 
supports the idea of larger home ranges (Anton et al., 2002; Isbell et al., 1998). Foraging for 
plant-based food cannot be ignored, as it certainly made up a large portion of hominid diet 
and would have influenced habitat use and evolution (see Sept, 1992x). 
Hominid behavio~~: Hunting af~d scaven~ij~b 
While the meat-eating hypothesis is often cited to explain driving factors in hominid 
evolution (Anton et al., 2002), causality cannot really be shown. It may be more likely that 
this behavior coincided with environmental change (O'Connell et al., 2002). Changes in the 
early archaeological record of carnivory by hominids reflect the operation of two related 
processes: (1) aclimate-driven change in environment that made the archaeological record of 
meat-eating more visible; (2) an increase in body size, also climate-driven, that enabled early 
humans to capture a broader range of prey, mainly via competitive scavenging (O'Connell et 
al., 2002). 
Increased archaeological evidence supporting meat eating during the Plio-Pleistocene 
may be a consequence of the evolution of the H. enectzcs and not an index of its cause. 
Another hypothesis states that change in habitat left hominids in greater competition with 
large carnivores, which in turn l~,d to increased body size, lengthened periods of 
development, and behavioral plasticity (O'Connell et al., 2002). The idea of hominids 
scavenging more than hunting is supported by evidence from modern day hunter-gatherers, 
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namely the Hadza, as they rely more heavily on scavenging, and hunting is risky and more of 
an activity of social status than survival (O'Connell et al., 2002). It is possible that hunting 
behavior may have originated as a necessity and, because of the danger involved, it evolved 
to represent strength and social status. Though the debate about the degree to which hominids 
hunted or scavenged will not be thoroughly addressed here, it remains an important 
consideration for making inferences about the behavior of hominids. Regardless of which 
hypothesis one accepts, it is clear that meat eating and associated hunting or scavenging 
behavior played a role in human evolution, whether as a cause of morphological change or as 
a resultant behavior. 
It has been suggested (Spencer, 1997) that the dietary shift to include more large 
herbivores is related to more sophisticated tool use, as efficient carcass processing was likely 
important to hominid survival. Again the relationship is hard to decipher. It is unlikely that 
this increase in meat-eating and resulting dispersal is due only to increased technology, but it 
remains a possibility that more proficient tool use allowed for an increase in hunting and/or 
scavenging (Anton et al., 2002). 
Another implication of hunting or scavenging behavior is that of food sharing, as 
large game is too much for one person to consume alone. Food sharing is often cited as a 
having a key role in hominization (e.g., Leakey, 1971; Isaac, 1978a,b). Premo (2005) 
suggests a model in which early hominid food sharing is more likely to occur in areas with 
fragmented woodland. Associated with this idea is that of the accumulation of carcasses at 
specific sites within a home range. From fossil remains, it appears as though animal 
carcasses were moved to particular- locations and processed with simple stone tools 
(O'Connell et al., 2002). 
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Following this, the importance of particular places selected by hominids to bring kills 
is interpreted in many ways (Dominguez-Rodrigo, 2001). All models assume safe places that 
provide shelter, shade, vantage points, and easy access to water (Dominguez-Rodrigo, 2001, 
Sikes, 1994). Using many forms of evidence, including isotopic analysis, Sikes (1994) also 
found that concentrations of hominid activity during the Plio-Pleistocene were correlated 
with the availability of abundant and diverse plant-based food resources. It is possible that 
these same sites also could have been used for social interaction and sleeping (Dominguez-
Rodrigo, 2001), though social behavior is not a prerequisite of the site formation. Even so, it 
shows the conceptual ability of hominids to designate specific places for certain activities 
and the premeditation to collect carcasses in concentrated spaces (Sept, 1992b). 
Most Plio-Pleistocene hominid sites are located near what was once riparian habitat, 
suggesting the presence of woodland or dense brush, and it has been indicated that closed 
vegetation is also commonly nearby (Dominguez-Rodrigo, 2001). Regardless of the actual 
habitat type of the sites, all share some degree of proximity to woodland, and this seems to be 
a significant factor in site placement (Sikes, 1994; Dominguez-Rodrigo, 2001). Riparian 
woodlands provide some degree of cover, and they are therefore habitats where hominids 
would have been relatively safe from predators and competition for their kill (Dominguez-
Rodrigo, 2001). They probably also would have seasonal access to water resources. Modern 
East African hunter-gatherers use the same kind of riparian habitat as refuge spots as those 
where Plio-Pleistocene assemblages are found (Dominguez-Rodrigo, 2001). 
There are two main hypotheses to explain the creation of these assemblages. They 
are either considered "home bases" (Isaac, 1978a,b; Isaac, 1984; Bunn, 1981) or "near-kill 
sites" (Blumenschine, 1991), with the former implying a place where others would gather 
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together and eat, and the latter describing areas used to disassemble kills before transport 
back to a home base (O'Connell et al., 2002). The near-kill hypothesis is most widely 
supported and it purports that hominids wanted to escape competition from other carnivores, 
and they moved their kills to spots nearby in order to more safely process them (O'Connell et 
al., 2002). The Hadza seemingly use both of these methods. They process kills at residential 
base camps but also at random butchering stands (O'Connell et al., 2002). 
A third hypothesis to explain these assemblages has been proposed by Sept (1992b; 
1998) and states that such sites are similar to modern ones used by chimpanzees for nesting. 
Many of the same features are shared between carcass processing sites and nesting sites, 
namely the safety and sleeping accommodation provided by groves of trees and the 
proximity to other resources (Sikes, 1994). While this hypothesis has implications for 
behavioral comparisons between chimpanzees and hominids regarding meat eating and food 
sharing, the model requires more data to be fully developed (O'Connell et al., 2002). 
2.3 Savanna Chimpanzees as Models for Hominid Behavior 
Environmental change during the Plio-Pleistocene apparently influenced hominid 
evolution to a great extent, though causality may not always be determined. However, in 
general, body size and proportions, increased range size, habitual bipedalism, and associated 
behaviors like hunting and scavenging in later Ho»~~~ species can be attributed in some aspect 
to the aridification events that occurred between 2.5 and 1.5 mya. The change in global 
climate led to increased secondary grasslands, which not only infringed on previously 
forested land, but fragmented it pis well. 
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Archaeological studies that examine extinct mammal assemblages associated with 
hominid fossils provide invaluable insight into the habitat structure of the environments in 
which extinct hominids lived. I-Iowever, habitat reconstructions may only provide acoarse-
scale view of the past, and decisions, including those made about foraging, occur at a finer 
scale (Bissonette, 1997). While the large-scale constraints (e.g., weather patterns, 
geography) should not be ignored, it is also imperative that the scales to which organisms 
directly respond also be considered (Bissonette, 1997). In order to determine specifically 
how those environments may have influenced hominid behavior and evolution, it is also 
important to know how components of various habitats were utilized. While sites of 
accumulation can be used to infer some patterns of behavior, the interpretations may be 
limited to conclusions about hunting or scavenging. To create a model that includes other 
aspects of hominid life, it is useful to see how extant species have adapted to similar 
environments. Studying modern hunter-gatherers provides a potential behavioral correlate 
for examining hominid life, but the environments are not always necessarily comparable, nor 
are they always defined with specific reference to habitat structure. 
Extant chimpanzees (Pan spp.) are humans' closest living relative and, especially 
those living in savanna habitats, can provide information about the utilization of fragmented 
habitats that consist largely of ai-id open areas with patches of closed woodland (Suzuki, 
1969; Moore, 1992). Often, the most marginal habitats in which chimpanzees live are sought 
for such studies (Kortlandt, 1983). In 1960, Kortlandt (1983) mapped the vegetation of 
Africa west of the Nile River. His map produced a picture of chimpanzee habitat and 
indicated that 40% of their geographic range was located in "savanna, woodland and dry 
forest belts," and the remaining 60%was in "evergreen, semi-deciduous and mountain forest 
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belts" (Kortlandt, 1983: 243-244). Whether this distribution is the same today is unknown, 
but it is evident that chimpanzees have been the inhabitants of savanna to a great degree for a 
long time. 
Moore (1992) points out that the term "savanna" can have many meanings, but when 
used in reference to chimpanzee habitat, it includes relatively dry mosaic habitats with areas 
of open grassland, plateau, woodland, and bamboo thicket; it can also encompass `miombo' 
woodland, which generally describes habitats with fairly regularly spaced trees (Moore 
1992). While data about savanna chimpanzee behavior is increasing (e.g., Hunt and McGrew, 
2002; Pruetz, 2002; Pruetz et al., 2002), most evidence useful in models of hominid 
adaptation thus far has come from indirect studies of ranging and diet (Moore, 1992). 
McGrew et al. (1981) suggest that the mosaic habitat described provides the best model for 
the environment of Plio-Pleistocene hominids, but studies of other savanna chimpanzees (i.e., 
those living in miombo woodland savanna) can still lend important insight through direct 
comparisons of habitat features (e.g., rainfall, topography, etc.) (Moore, 1992). Others 
disagree with the use of savanna chimpanzees as the best model for hominid behavior. 
Boesch-Achennann and Boesch (1994) have proposed that hominins evolved 
primarily in woodland or forest environments. If you accept that open environment was not a 
major component of early Australopithecine habitat in the late Pliocene, then it follows that 
chimpanzees living in a closed forest provide a better picture of how the environment may 
have been utilized (Potts, 1998). Following this, it has also been suggested that closed-
habitat chimpanzees provide a better model as they display behaviors associated with human 
evolution, like tool use, food-sharing, and social cooperation, moreso than do savanna 
chimpanzees (Potts, 1998). However, many of these conclusions remain largely unfounded, 
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as the difficulty in habituation of savanna chimpanzees has hindered long-terl~i behavioral 
and social studies thus far (Moore, 1992). In fact, chimpanzees at Fongoli use tools, share 
meat, and cooperate socially (Gasperic and Pruetz, 2004; McGrew et al., 2005; Bertolani and 
Pruetz, in prep.; Pruetz, unpublished data). Therefore, savanna chimpanzees prove especially 
useful in the reconstruction of potential habitat use of hominids from the early Pleistocene, 
when most can agree there was, in fact, a major change in vegetation to a more open and 
mosaic landscape. 
Chimpanzees "hunt and pirate" prey that are most often smaller than themselves, 
whereas hominids often consumed prey larger than themselves via the use of tools 
(O'Connell et al., 2002). It is more likely that chimpanzee hunting and scavenging styles 
mirror those of Australopithecines from 4-2 mya (O'Connell et al., 2002). Moreover, 
chimpanzees may not be able to shed light specifically on the hunting debate as it relates to 
Hoi~~o species, because different prey are commonly consumed and the same bovids are not 
present in savanna woodlands as were present in hominid environments (Moore, 1992). 
However, such studies can still shed light on habitat use in general and may provide insight 
into the various hypotheses proposed to explain fossil sites that include non-hominid fossil 
remains. 
Modern human foragers and chimpanzees expend significant skill and energy to 
acquire prey, and much of the behavior seems to be rooted and/or resultant in status (Mitani 
and Watts, 2001; O'Connell et aL, 2002). When this type of data is complemented with 
conclusions drawn from the archaeological record, Plio-Pleistocene hominid social behavior 
can be further explored (O'Connell et al., 2002). The use of living non-human primates may 
also better provide proximate explanations for behavioral adaptation in other species as 
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changes in similar environments and subsequent reactions can be observed, rather than 
speculated. 
It is recognized that chin~ipanzees lack the bipedal locomotion of hominids, but 
Australopithecines, and even H. habilis, are thought to have retained some capacity for 
arboreal mobility (McHenry and Berger, 1998; Sabater Pi et al., 1997), providing some 
ecological similarities between the two. Australopithecines and habilines are also somewhat 
comparable to chimpanzees in brain. size (McHenry, 1994) and life history (Smith and 
Tomkins, 1995). While chimpanzee models do not provide an exact reproduction of hominid 
situations, they can be used as directives for creating possibilities and testing resulting 
hypotheses. Overall, analogous models can contribute to an understanding of evolution and 
past beings, though it is recognizably impossible for them to ever mirror exact circumstances. 
Following Moore (1996), models of this type are useful for thinking about questions, but 
ideally they can eventually be built from and replaced piece by piece by conclusions drawn 
from actual supporting data like fossil evidence. 
2.4 Chimpanzee Habitat Use 
In order to better understand how early hominids may have adapted to more open 
environments, it is important to examine habitat use by our closest living relatives, the 
chimpanzees living in such environments. Subsequently, savanna chimpanzees are often 
used as models for hominid evolution (McGrew et al., 1981; Moore, 1992). However, few 
communities of savanna chimpa~lzees have been the subjects of long-term studies (Pruetz et 
al., 2002; Hunt and McGrew, 2002), as chimpanzees in such habitats have proven difficult to 
habituate. 
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Empirical evidence relating chimpanzee distribution to habitat type is limited 
(McGrew et al., 1981). Often, results obtained at specific sites are expanded to characterize 
entire countries or regions, when in fact this is an inaccurate assumption (McGrew et al., 
1981). One community of savanna chimpanzees that has been studied in terms of habitat use 
has been at Mt. Assirik in the Parc National du Nikolo-Koba, Senegal. Here, the 
chimpanzees preferred gallery forest and woodland, and avoided more open habitat except 
when traveling between wooded habitats, or when certain types of food were available in 
grasslands (Tutin et al., 1983). Seasonal differences in habitat use were mostly the result of 
changes in access to water and shade (Tutin et al., 1983). Moreover, when food was scarce, 
the chimpanzees utilized the outer limits of their range in Assirik, as opposed to remaining 
within the core region of their range (Tutin et al., 1983). However, these chimpanzees were 
never habituated, so these data provide only an incomplete representation of their habitat use. 
In addition to comparing how time is spent by chimpanzees in different habitat types, 
determining how each habitat type is exploited specifically is crucial to understanding 
hominid adaptation to different environments. Behavioral data are an important indicator of 
habitat use, as direct observation provides the best picture of how resources are actually 
utilized. However, as previously stated, such data are limited and difficult to obtain from 
unhabituated communities. In these cases, one must rely on indirect evidence, such as 
nesting ecology, to learn how habitat is being used. 
Nesting sites provide indirect evidence of habitat use. Not only are nest sites 
indicative of daytime habitat use, but they also provide information about which habitats and 
habitat features are preferable for sleeping. In turn, this may offer clues as to what qualifies 
as a safe place or a place desirable for gathering in groups for an extended period of time. 
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The artifacts left behind by chimpanzees (e.g., nests) can be examined and compared to 
debris left by hominids. This comparison is possible because, though chimpanzees range 
widely and do not appear to have a "home base'', and their nests should not be considered as 
such (Hediger, 1977), it has been noted in several instances that they return to specific sites 
for feeding or nesting repeatedly over time (Sept, 1992b). Conclusions about the ecology of 
nesting site locations with reference to foraging may also be useful in inferences that underlie 
the near-kill hypothesis used to explain accumulations of carcasses within fossil hominid 
habitats. 
Knowledge of the nesting ecology of chimpanzees can be applied to general models 
of hominid habitat use as well as lend insight into the meaning and use of the aforementioned 
accumulations. As it is not possible to make direct comparisons of nesting behavior in 
chimpanzees and the meat-eating behavior of hominids, conclusions are more useful in 
providing a context to investigate habitat selection for certain activities that may share the 
same requirements (e.g., safety). However, it may be possible to begin to build a model of 
hominid sleeping sites, as this would be more directly related to nesting behavior. Thus far 
little research has been done in this area with regards to hominid behavior, as there are no 
known hominid sleeping sites (Sept, 1998). 
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Chapter 3: Nesting Ecology 
3.1 Introduction 
Nest sites of chimpanzees can contribute to our knowledge of chimpanzee habitat 
use, as they are indicative of not: only where the chimpanzees range, but also, possibly, where 
they are feeding (Froth and McGrew, 1998). Nest building is characteristic of all great apes 
(Go~~illa gorilla, Poj~go pvgj~~7aeus, Pais t~~oglodytes, Pass paniscus), but it is absent in other 
anthropoid primates (Brownlow et al., 2001). In chimpanzees, each weaned individual builds 
a new nest every evening for sleeping, except in some cases of reuse (Goodall, 1986). Nests 
are located in specific areas of the home range and are not randomly distributed (Froth and 
Hohmann, 1994). 
As apes spend approximately half of their lives in night nests, a reasonable 
assumption is that the sites are carefully chosen (Froth and Hohmann, 1994). Furthermore 
this decision may have a considerable effect on individual fitness (Kappeler, 1998). Although 
specific sites are chosen, apes commonly nest in different areas from night to night, which 
has been implicated as a behavior related to predator avoidance (Anderson, 1984). However, 
it has also been found that chimpanzees will occasionally return to the same area to nest on 
consecutive nights (Kortlandt, 1992). Differences in nesting site selection within ape species 
are primarily ecologically based and can often be related to weather, predation factors, and 
resource availability (Baldwin et al., 1981). By examining the proximate effects these factors 
have on habitat selection, we can add to referential models of hominid use of similar 
environments. 
Though relating habitat use by chimpanzees to that of extinct hominids relies heavily 
on inference, nesting behavior may provide a more direct link to hominid habitat use than do 
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other aspects of ape behavior. Cheat apes all construct and utilize nests similarly. Thus, it is 
hypothesized that the behavior is millions of years old, dating back to a common ancestor 
(Baldwin et al., 1981). Because the three extant African ape species build nests, and all are 
derived from the same ancestor as humans, it is assumed that nest building in general is an 
ancestral trait (Sabater Pi et al., 1997). It has been suggested that Australopithecines and 
possibly even H. habilis slept in trees, presumably building nests to do so (Sabater Pi et al., 
1997). Sleeping lying down is advantageous to large-bodied primates, perhaps because it 
allows for a better night's sleep, providing energy needed the next day (Anderson, 1984). 
Another hypothesis is that larger-bodied primates are simply unable to perch like other 
animals, or maybe do not because lying down is simply more comfortable and the sleeping 
position has been maintained evolutionarily for that reason (Baldwin et al., 1981). 
In addition to lending insight into hominid use of a savanna landscape, nesting sites 
provide important information for the conservation of chimpanzees. The information they 
provide regarding activity is important in knowing how specific habitats are used, and 
therefore which areas are most crucial to chimpanzee life. Regardless of what they indicate 
about daytime habitat use, the fact that nests are where chimpanzees sleep makes them 
significant in themselves, because sleep is an important rejuvenating activity for mammals, 
as REM (rapid eye movement) and SW (slow wave) sleep can play a crucial role in not only 
fetal development, but in growth and maintenance as well (Allison and Van Twyver, 1970). 
Nest sites can also play a crucial role in chimpanzee ecosystems, as they may be 
related to the proliferation of food resources. Lowland gorilla (G. g. for-illu) nest sites have 
been found to play an important ecological role, as gorillas defecate near their nests, which 
contributes to seed dispersal, increasing the establishment of seedlings (Rogers et al., 1998). 
35 
Lowland gorillas are highly frugivorous, like chimpanzees who also are known to defecate 
over the edge of their nests (Goodall, 1986) and also consume and pass a large amount of 
seeds. Therefore, implications for seed dispersal may be relevant to the importance of 
conserving features associated with chimpanzee nesting sites. 
3a2 Blest wilding in Apes 
Nest building is seen in many extant primate species and has evolved independently 
several times, but the nests built by great apes appear to function differently than prosimian 
nests (Kappeler, 1998). Those built by great apes are less complex (Fig. 3.1), often quickly 
constructed, sometimes used only briefly, and never serve as a place to leave young 
(Kappeler, 1998). Chimpanzees construct both day and night nests, but each serves unique 
functions and should be differentiated (Brownlow et al., 2001). 
Figure 3.1. A Fongoli chimpanzee, Wilema, in a night nest; Photo courtesy of Paco Bertolani 
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Because of the difference in function from the nests of other animals, chimpanzee 
nests are also referred to as resting platfo~~~is (Bernstein, 1969) or beds (1VIcGrew et al., 
2003). I~ay nests are primarily used for resting, but they can also be built in order to defend 
food resources (Fruth and Hohmann, 1996). The current research focuses on night nests, 
which are built for sleeping overnight and also possibly resource defense, and they are 
distinguished by generally stronger construction (following Pruetz et al., submitted). Captive 
apes also construct nests from various materials provided (Bernstein, 1969), indicating that 
the primary function of building nests may be for resting or sleeping (Fig. 3.2), but in the 
wild, ecological factors influence the location and placement of nests. 
Figure 3.2. A female chimp from the Toledo Zoo in a makeshift nest on a raised platform 
All great apes species build sleeping nests or beds using the same general techniques, 
though they will differ depending on the materials available at the time of construction (Fruth 
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and Hohmann, 1996). One of the biggest differences among species is the tendency for 
gorillas to build their nests on the ground (Fruth and Hohmann, 1996), probably as a result of 
both their body size and their reliance on more terrestrial vegetation for food (Doran, 1996). 
Gorillas also tend to be less selective and more opportunistic in terms of material and 
location within a habitat than are orangutans, bonobos and chimpanzees (Fruth and 
Hohmann, 1996). However, all ape species seem to be mote selective in terms of features as 
variation in site structure increases (Fruth and Hohmann, 1996). 
Chimpanzees and bonobos are less likely to build nests in trees with ripe fruit, while 
it appears that orangutans selectively do so (Fruth and Hohmann, 1996). It has been reported 
for all ape species that they build nests in close proximity to fi-uiting trees. Orangutans reuse 
their nests most often, followed by chimpanzees living in diy environments. This reuse by 
chimpanzees has been attributed to the scarcity of suitable building material (Fruth and 
Hohmann, 1996). Social factors that influence nest location have yet to be examined in 
detail for chimpanzees, but orangutan and bonobo females initiate nest building, female 
gorillas do not begin consti-action until the silverback male has built his nest first (Fruth and 
Hohmann, 1996). Though differences among species exist, the basic similarities indicate a 
common origin for nesting behavior in great apes. 
Evolutioj~aiy o~-igi~~s of~g~~eat ape y~esting 
There are eight to ten species of ape known to have inhabited the forests of Africa and 
Arabia during the early Miocene, and eleven to thirteen known species existed during the 
middle Miocene, making it the highest ape diversity known from any time (Andrews, 1987). 
During this period, apes were extremely varied in size and niche, though it appears most, if 
not all, were fi-ugivorous (Andrews, 1987). The fossil record shows a drastic increase in 
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monkey diversity in the late Miocene, with a shift from three known middle Miocene species 
to fourteen, and this shift coincides with a decrease in ape diversity (Andrews, 1987). It is 
hypothesized that this change is likely due to competition over food resources, as during this 
time environmental change led to increased aridity and scarcer fruit resources (Andrews and 
Van Couvering, 1975). Colobines and cercopithecines were better able to digest secondary 
compounds, allowing colobines to eat leaves and cercopithecines to eat more unripe fruit 
than the sympatric apes (Andrews, 1987). Seemingly, apes should have lost out to these 
competitors. 
While there are many hypotheses as to how apes persisted, one is that building nests 
enhanced the ability to monopolize food resources, thus preventing monkeys from eating 
them first (Fruth and Hohmann, 1996). Although modern humans construct actual and 
symbolic beds (Binford, 1983), nest building is absent in modern humans. Fossil evidence 
for nests would not have preserved, so it is difficult to say exactly when this behavior 
disappeared in hominids (Yamagiwa, 2001). However, it has been proposed that increased 
cognitive ability may have reduced the need to sleep in trees for predator avoidance 
(Yamagiwa, 2001), and the coincidence of this with a shift to a more mosaic habitat may 
have made returning to trees to sleep less convenient if not entirely necessary for survival. As 
mentioned previously, many factors affect nesting site selection within a habitat, but these 
factors also influence how each habitat is specifically utilized for nest construction. 
3.3 Factors Influencing Nest Site Choice 
While nest location can definitively tell us only where apes choose to sleep, it has 
been shown that many factors influence this decision. Primate resting behavior is highly 
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indicative of ecological limitations (Froth and McGrew, 1998), though some non-ecological 
variables affect the choice of wl~iere to nest. These include disturbance avoidance, social 
dynamics, and comfort level (Anderson, 1983). Nesting preferences may also shed light on 
primate thermoregulation, response to predators, parasite infestation, resource distribution, 
and territory defense (Froth and McGrew, 1998). If apes sleep where they are safe from 
predators, then nest distribution reflects the distribution of refuges within the home range. If 
apes sleep where they fed during the day, then the nest distribution indicates the distribution 
of food resources within the home range (Furuichi and Hashimoto, 2004). Glimpanzees in 
the Kalinzu Forest Reserve, Uganda, were found to travel long distances to find a new 
feeding site, but they rarely made such journeys to nest (Furuichi and Hashimoto, 2004), 
indicating that nesting sites can be indicative of daytime habitat use. For example, more 
open woodland provides an important food source during the dry season in western Tanzania 
because fruits are no longer abundant in forest habitat types, and the greater density of nests 
in open habitat reflects this (Suzuki, 1969). 
Specific features of nesting sites play an important role in exact nest location. It is 
evident that certain habitat features influence nesting when the habitat structure of a 
chimpanzee group's range is more highly varied (Froth and Hohmann, 1996). Generally, 
chimpanzees tend to nest most selectively in primary forest, though it may not be the most 
frequently used habitat if its availability is low (Froth and Hohmann, 1996). In addition to a 
higher percentage of canopy cover, primary forest may provide more possible escape routes 
near a nest, which is a feature of the majority of nests in Sapo Forest, Liberia, for example 
(Anderson et al., 1983 ). 
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Chimpanzees also tend to choose specific tree species for nesting within their range 
(Fruth and Hohmann, 1994). This behavior of species-specific tree selection has been 
observed in orangutans living in a mosaic sv~~ampland habitat as well (Ancrenaz et al., 2004). 
The tree species used tended to be the tallest and have the largest trunk diameters, on 
average. However, African apes tend to be more selective overall in choosing tree species 
for nesting (Fruth and Hohmann, 1996), though there is little data on which features of 
certain species make them preferable. Interpretations of chimpanzee nesting behavior is 
based on observations of Eastern chimpanzees (P.t. scltweinf rrthii), though some information 
about nests of Western chimpanzees (P.t. vei•Z~s) also exists, mainly concerning nest height 
and group size (Baldwin, 1979; Baldwin et al., 1981; Anderson et al., 1983; Marchesi et al., 
1995). 
At Assirik, Senegal chimpanzees choose the tallest trees for nesting (Baldwin et al., 
1981), presumably as protection from predators (Anderson, 1998). In a comparative study, 
nests were detei-~nined to be higher at the Senegal site than in Eduatorial Guinea, which may 
be a response to more predators at the former site (Baldwin et al., 1981). In Sapo Forest, 
Liberia, fewer nests were made in emergent trees (Anderson et al., 1983). Nests were also 
often built on forest edges or in trees overhanging small waterways, which could lessen the 
possibility of a predator attack (Anderson, 1998) by increasing the "functional height' of the 
nest (Anderson, 2000). Similarly, it has been observed that chimpanzees often construct 
nests in trees located near the tops of hills and on promontories, presumably to provide better 
positioning for predator detection and avoidance (Kortlandt, 1992). There exists a large range 
in nesting height among populations, but there has been no correlation found as of yet 
between nest height and habitat type (Fruth and Hohmann, 1994) 
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The amount of vegetative cover over a given nest location is also a known factor 
influencing nest placement. The majority of chimpanzee nests in Liberia were covered, and 
open nests were, on average, in taller trees (Anderson et al., 1983). Nests are more often 
open at Assirik than in Equatorial Guinea, but this may be just a reflection of thinner 
vegetation at the former site (Baldwin et al., 1981). The availability of cover is also related 
to seasonal changes, which can strongly influence nesting site choice. 
3.4 Resources and Seasonality 
Seasonality heavily influences many aspects of chimpanzee behavior and ecology, 
including those associated with nesting. Season had a greater effect on nesting site selection 
in Mt. Assirik than in Equatorial Guinea because of more distinct seasonal changes and 
variable vegetation at the fornler site (Baldwin et al., 1981). Chimpanzees foraged in smaller 
parties during the wet season, but formed larger groups at night (Baldwin et al., 1981). At 
Assirik, flowering and fruiting are seasonal and depend on rainfall patterns (McGrew et al., 
1981). Significant differences in group size have also been noted between fruiting seasons in 
Kalinzu, Uganda (Furuichi et al., 2001 a), both in relation to preferred foods and fallback 
foods (Furuichi et al., 2001 b). 
Senegal is one of the driest areas in which chimpanzees have been studied (McGrew 
et al., 1981). In such areas, drinking water supply, which can determine ranging, may be 
heavily dependent on rainfall (McGrew et al., 1981), and it may also influence nesting 
patterns. During the rainy season in Assirik, for example, nests were also higher and had less 
cover (Baldwin, 1979; Baldwin et al., 1981). While this seems counterintuitive, it is 
hypothesized that nesting in open areas in the crown may be to avoid dripping when the rain 
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stops and to provide exposure to the morning sun for dryness and warmth (Baldwin, 1979; 
Baldwin et al., 1981). Due to environmental similarities, these same patterns are expected at 
Fongoli. 
The abundance of edible fruit has been shown to influence Eastern chimpanzees' nest 
site selection (Furuichi and Hashimoto, 2004), and competition over food resources with 
other species may also influence nesting in fruiting trees (Basabose and Yamagiwa, 2002). 
Many nests are found near fruiting trees or food patches, though not necessarily within 
fruiting trees (Fruth and Hohmann, 1994). Though this may seem counterintuitive when 
considering the resource defense hypothesis, it is thought that perhaps chimpanzees nest 
close enough to fruit that they can defend it against monkeys and have access to it the next 
day, but they remain far enough away so that they are not disturbed by nocturnal frugivores 
(e.g., fruit bats) who will access fruit whether or not it is close to an ape (Fruth and 
Hohmann, 1994). 
The examination of nesting patterns and preference of the Fongoli savanna 
chimpanzee community can have valuable implications for models of hominid evolution. 
The use of habitat for an important behavior, sleeping, may elucidate past hominid trends in 
habitat use, both for sleeping and daytime activity. Understanding chimpanzee nesting and 
the habitat features associated with its ecology is also important in conservation 
considerations. Because of the fi tness value inherent in quality sleep, the areas and 
associated components utilized for nesting should be an important factor in management 
decisions. 
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3.5 Conservation Implications of Nesting Ecology 
The fitness benefits of chimpanzee food resources are fairly straightforward as there 
is a direct link between nutrition and energy requirements and survival. The link between 
nesting and fitness may not be so obvious, but it undoubtedly exists. The specifics of the 
fitness benefits accrued from selecting a `good' place to nest are discussed in more detail in 
section 3.1, but they include predator and parasite avoidance (Kortlandt, 1972; Baldwin, 
1979; Anderson, 1984), energetic and health benefits from deep sleep (Fruth and Hohmann, 
1996), better access to food resources (Froth and Hohmann, 1996), and possible links to seed 
dispersal of important food plants (Rogers et al., 1998; Waller, 2005). If any or all of these 
are a result of nest placement, then it is logical to think that careful selection of location 
occurs, and the resultant patterns should be considered in conservation plans. 
In addition to the intrinsic fitness value of duality nest sites, they are also useful in 
telling us about multiple levels of habitat selection for activities other than sleeping. When 
chimpanzees themselves cannot be directly observed, nests can show that at one time they 
were present in certain locations (McGrew et al., 2003). On both coarse and fine scales, they 
can be evidence of home range, distribution, population size, party size, and changes in all of 
these over time (McGrew et al., 2003). Nests may also be indicative of where chimpanzees 
eat, both before and after they go to sleep (Froth and McGrew, 1998). This information is 
useful in determining the multiple scales of habitat use, which, as previously discussed, is 
crucial in the conservation of populations. 
Again, because certain places are selected for nesting does not mean that their 
ecological quality is greater than that of others. Social factors or non-quantitative influences 
may be a part of deciding where to nest; thus the fitness value of selected sites must also be 
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assessed when judging their significance in conservation. Likewise, nests are commonly 
used to estimate chimpanzee density, which is in turn used to determine the quality of an 
environment or its ability to support a population (Hashimoto, 1995; Furuichi et al., 2001 a). 
However, it has been sho«~n that density is not always a good indicator of habitat quality, 
especially in highly seasonal, unpredictable, and patchy habitat types (Van Horne, 1983), all 
of which characterize the Fongoli environment. Though chimpanzees do not exhibit all of 
the characteristics of species that are vulnerable to adensity-quality assessment mismatch 
(Van Horne, 1983), they do have some of these characteristics, including social patterns of 
dominance. 
Social factors certainly influence nest placement, but this may only affect habitat use 
on a small scale. These factors and ecological ones may not influence more coarse scale 
patterns of nest site choice, like distribution among habitat types. For example, Hashimoto 
(1995) found that in Kalinzu Forest, chimpanzees nested in higher densities in logged forest 
than in unlogged forest, but they moved into unlogged areas in the morning, which was 
attributed to greater food availability. This is evidence that while nests may be a good 
substitute indicator for habitat use, direct behavioral observation is also imperative in 
appraising habitat use. Moreover, as nesting site selection occurs on multiple-levels, it is 
important that they all be considered, and that judgments are not restricted to conclusions 
based solely on habitat type preference. 
Preference and use may not always reflect habitat quality. The value that selected 
resources or features have to the fitness of an animal must be assessed if considering their 
role in conservation, as their role in survival and reproduction is of great importance 
(Johnson, 1980). This relates to the chimpanzees of Fongoli, as studies have examined 
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resource preference in teens of not only habitat type, but also in terms of resource 
distribution across their entire core range (Bogart, ?005; Waller, ?005; Pruetz, 2006). 
Habitat selection has been preliminarily examined with respect to nest location (Pruetz et al., 
submitted), but many of the factors that may influence nest site choice have yet to be 
considered. 
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Chapter 4: Habitat Use by Fongoli Chimpanzees 
4.1 Introduction 
Knowledge of habitat use by savanna chimpanzees has implications for models of 
hominid evolution and chimpanzee conservation. In addition to knowing which habitat types 
and features are utilized, it is essential to know which are preferred in order to rank relative 
importance. Determining habitat preference is often achieved by comparing use of habitat 
types in relation to their availability (Johnson, 1980). However preference is a result of a 
hierarchical selection process (Johnson, 1980) that includes both coarse scale (e.g., habitat 
type) and fine-scale (e.g., area attributes) decisions. 
The first order of the habitat selection process is that of the geographical range in 
which a population lives. Though habitat is not directly selected at this level, and related 
choices cannot be observed directly (Johnson, 1980), it is important to consider, as it limits 
the possibilities of where an animal can live and which finer scale decisions it can make 
(Bissonette et al., 1997). Anthropogenic effects are also active on this level, as human 
disturbance can reduce habitat or species diversity on a landscape scale (Urban et al., 1987), 
as well as on other levels. The second order of selection is that of an individual's or group's 
home range, and the third is resource utilization within that home range (Johnson, 1980). For 
the Fongoli chimpanzees, this would include the use of certain habitat types or areas within 
their home range. This can be taken one level further to include specific attributes of the 
areas they selectively utilize (Johnson, 1980), such as canopy cover. 
In order to analyze the habitat selection process on finer scales, it is necessary to 
select features that are available and conspicuous to the animal (Johnson, 1980). Examining 
feature selection in addition to habitat type selection strengthens the analyses, as the final 
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decision of habitat use may be based directly on these fine-scale features rather than 
narrowed by habitat type limitations. Correlations may exist between habitat type and 
selected attributes, making the results hard to disentangle, but if certain habitats contain most 
or all of the preferred features, they can be characterized on the basis of their having desired 
attributes. This allows the multi-level selection process to be fully interpreted. 
4.2 Study Site and Subjects 
The Fongoli site lies in the Tomboronkoto region of southeastern Senegal (12°39'N 
12° 13' W), which is the westernmost limit of chimpanzees' geographical range in the world 
(Fig. 4.1) (Carter et al., 2003). This region is characterized by the convergence of the 
Sudanian and Sudo-Guinean vegetative belts and contains tree species that are common to 
both (Pruetz, 2006). Average annual rainfall is 900-1100 mm, with a primary rainy season 
lasting from June-September (Ba et al., 1997). Fongoli is characterized as a woodland-
savanna habitat interspersed with areas of gallery forest and laterite plateau (Pruetz, 2006). It 
also comprises human-use areas that include villages, fields, and agricultural plots. 
The Fongoli chimpanzee community has been studied since April 2001 and is 
estimated to include at least 32 individuals, with an identified ten adult males, seven adult 
females, two subadult males, two subadult females, two adolescent males, one adolescent 
female, three juvenile males, one juvenile female, and four infants. Based on the density of 
night nests, the chimpanzee density of Fongoli is estimated to be 0.09 individuals per km2
(Pruetz et al., 2002). At the tune of the study, the Fongoli community was semi-habituated, 
with some individuals being more habituated than others. All-day follows were possible with 
most adult males, as this is where the habituation effort has focused. However, the behavior 
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of many individuals, especially that of females, was still affected by the presence of a human 
observer. 
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Figure 4.1. 1VIap of Senegal, with the location of the Fongoli study site indicated by a star 
The Fongoli chimpanzee community has a documented home range of 63 km2, 
though this is a minimum estimate (Pruetz, 2006). This study focused on an area of 
approximately 30 km2 (Fig. 4.2, marked by inner square) that is considered to be the core 
range, or the area most intensively utilized, of the Fongoli community (Pruetz, pers. comm.). 
Over 3000 nests have been previously documented at the site, and more than 1500 of those 
nest locations have been recorded using a Global Positioning System (GPS). 
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50 
4.3 Data Collection and Analysis 
Data on habitat structure and behavioral habitat use were collected from May 26, 
2005 through August 6, 2005. To characterize the overall structure of the core range, 10 
randomly placed transects, each 1 km in length, were sampled. The starting points for the 
transects were selected using computer-generated random numbers corresponding to 
latitude/longitude intersections on a map of the study site (Fig. 4.2). These points were 
subsequently located in the field using a Magellan Meridian Platinum GPS unit. Each 
transect ran south from its starting point, with sampled plots every 100 meters, with the first 
plot being 100 meters from the starting point. The distance between plots was measured 
using the GPS unit, and the south direction was deter ~~iined using a compass. 
Each 100 meters, a circular plot with a radius of 5 m was sampled, resulting in a total 
sample area of 0.785 km2, accounting for approximately 2.6% of the core range. This 
method follows that of Collins and McGrew (1988) and Pruetz et al. (submitted). At each 
100 m mark a number of variables were recorded, including habitat type (see Fig. 4.3 for 
pictures and Table 4.1 for definitions) and those that provided information about habitat 
structure (Table 4.2). Transects were sampled once in the first five weeks of the study (May 
29-July 1), during the transitional season, and once again in the second five weeks (July 2-
August 5), during the rainy season, so that seasonal comparisons in habitat structure could be 
made. When each transect was first sampled, the 100 m marks were labeled with flagging 
tape, if possible, to ensure that the same plots could be sampled a second time. 
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a) Bamboo 
d) Grassland* 
f) Plateau 
b) Ecotone 
e) Woodland 
Figure 4.3. Photographs of habitat types at Fongoli 
*Photos courtesy of M. Waller 
c) Gallery Forest* 
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Table 4.1. Definitions of habitat types at the Fongoli study site (as defined by McGrew et al., 
1981 and Pruetz et al., 2002 following Daubenmire, 1968) 
Habitat Defij~2ition 
Gallery 
Forest 
Woodland 
Grassland 
Bamboo 
Ecotone 
Plateau 
Tropical semi-deciduous lowland forest 
Drought deciduous lowland forest 
Narrow-leaved savanna with isolated deciduous trees 
Flat-leaved savanna with isolated palms and deciduous trees 
Water runoff from plateau edge produced evergreen woody vegetation 
Narrow-leaved savanna with isolated deciduous shrubs 
Table 4.2. Variables recorded along transects to determine habitat structure of Fon~oli 
Variable Definition Measu~~ement Technique 
General data collection in 5 m radius plot 
Habitat Type Vegetative categorization of area See Table 4.1 
Stem Density Number of trees with a DBH of 
>10 cm.or >2 m in height 
Visual Counting 
Percent Canopy 
Cover 
Percent of plot covered by tree 
crowns 
Visual Estimation 
Disturbance Evidence of human use Indicated by human 
habitation or horticulture 
including presence of field, 
livestock, slashed and/or 
burned plots 
Data on each tree of > 10 dbh cm or >2 m height present within plot 
Height Height of tree at uppermost point 
of crown 
Visual estimation* (meters) 
Crown Height Height of bottom of crown Visual estimation* (meters) 
Crown Diameter 
(maximum) 
Length of the widest part of crown Visual estimation* (meters) 
Diameter at Breast 
Height (DBH) 
Diameter of stem at breast height 
(approximately 1 m) 
Measurement with 
measuring tape and visual 
estimation* (centimeters) 
Species Species of tree Provided by the field 
assistant, using the Malinke 
names; a tree key 
(Arbonnnier, 2000) was 
used when the Malinke 
name was unknown 
Fruit Presence of fruit or flowers eaten 
by chimpanzees 
Visual scan; food items 
confirmed by field assistant 
*Measurements made by visual estimation were compared to actual distances every two 
weeks to ensure consistency 
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As the chimpanzees at Fongoli were semi-habituated and sustained contact could not 
always be achieved or maintained, collection of behavioral data was opportunistic and 
followed habituation protocol. observers maintain a target distance of 20 m from observer to 
chimpanzee, and approach no closer than 10 m. Reliable data were collected primarily when 
the group was relatively stationary within a given area and not during travel. Chimpanzee 
groups were initially located by either going to a known nest site from the previous night or, 
if their location was initially unknown, listening for pant-hoots or other sounds. When a 
group was encountered, the GPS location was recorded along with habitat type and percent 
canopy cover. GPS points were recorded in UTM (WGS84 Datum) units; if a position was 
unattainable because of canopy cover, it was estimated using the nearest obtainable position. 
Males are used as focal subjects because they are more successfully habituated 
(Pruetz, pers. comet.), often lead group travel, have larger day ranges than females (Newton-
Fisher, 2003; Wrangham, 1977), and thus provide relevant information about group activity. 
Additionally, females are not used as focal subjects at the site for conservation reasons. 
Because the illegal pet trade most often targets adult females for the confiscation of their 
young, it is hoped that they will remain relatively wary of humans to avoid undesirable 
encounters with poachers. 
To obtain an activity budget, a focal male was selected based on knowledge of which 
were best habituated; Mamadou and Kilimanjaro were the primary candidates and were most 
often used, but others were also included, such as Foudouko, Bandit, Diouf, and Siberut. 
Other males were also observed., but they were not always identifiable. Ross, an elderly adult 
male (Fig. 4.4), was the only male that was systematically avoided, as to not cause him undue 
stress. The focal subject's behavior classification (Appendix 1) was recorded at five-minute 
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intervals for as long as contact could be maintained. If there was more than one suitable male 
visible upon making contact with the group, the one that was farthest to the left was selected 
for observation. When the focal male moved out of sight, the researcher moved as to 
maintain visual contact if possible. When this was not feasible, and the subject remained out 
of sight for more than twenty minutes, a new subject was selected. Additional details about 
the subject, such as foods eaten, were also recorded when possible. The focal male's location 
(arboreal, terrestrial, vines) within each habitat was also recorded to see specifically how 
each habitat and its features are utilized. 
Figure 4.4. Ross, an elderly adult male of the Fongoli chimpanzee community 
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Information about the party (all individuals present at the start of observation [Tutin 
et al., 1983]), including party size and composition (sex and age category: infant, juvenile, 
subadult, adult [following Baldwin, 1979]), and availability of food and/or water resources 
were also recorded when possible. Food resources were considered fruits that were known to 
be chimpanzee food items and termite mounds that had been used. Resources were 
considered available if they were in sight (up to 30 m, depending on habitat), and the 
proximity of resources was determined relative to the subject's location. This and party 
information were collected when behavioral data were not being recorded (i.e., between 
intervals). If the subject was seen to eat something, it was also noted, and more specific 
details, such as the species or Malinke name, were recorded if possible. 
In total, 40.5 hours of behavioral data were analyzed from twelve days of contact with 
chimpanzees, with contact duration with a focal subject being an average of 115 minutes (1.9 
hours). There were often many observation periods in a day (mean=2.3, range: l -4). The 
overall activity budget calculated for each habitat type is compared to determine how each 
was utilized. The analysis consists of a comparison of availability of habitat types and 
components to their actual use by the chimpanzees. Data were analyzed using the Statistical 
Package for the Social Sciences computer software (SPSS Inc. TM) and VassarStats Online 
Website for Statistical Computation. 
4.4 Results 
4.4a Habitat stc~uctuc~e 
The composition of the Fongoli chimpanzee core range, in terms of habitat types, is 
illustrated in Figure 4.5 and 4.6. Figure 4.5 represents the habitat structure using the defined 
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habitat types, whereas Figure 4.6 includes disturbed habitat, of which 22% of Fongoli is 
composed. Disturbed habitat was added as a category, and it was considered any area that 
contained evidence of human modification (e.g., cut trees, burned plots, habitation). 
Grassland dominates the environment using both non-disturbed and disturbed 
categorizations, making up 56% and 40% of the core range, respectively. Plateau comprises 
21 % in both cases and, excluding disturbed habitat, woodland follows (14% and 9%). The 
remainder includes ecotone (6% and 5%), bamboo (2%), and gallery forest (1%). 
Though the amount of rainfall at Fongoli was higher in the `rainy' season than it was 
in the `transitional' season, there was no significant difference in the mean daily precipitation 
between the two periods (Table 4.3; Mann-Whitney U-test: U=593.5, z=0.246, p=0.403, one-
tailed), and there was no trend for the amount of rainfall to increase over the study period 
(Fig. 4.7). There was also no difference between the average canopy cover available 
throughout the study period (Table 4.3; t =-0.5, df =198, p=0.480, one-tailed). The average 
stem density (Table 4.3) also rernained the same throughout the study. The percentage of 
fruiting trees (Table 4.3) was higher in the rainy season than in the transitional season 
(n=401; z=4.24, p=0.000023, two-tailed). 
The eight most dominant tree species found at Fongoli are given in Table 4.4, with 
keno (Ptey~ocarpus erinaceus) being the most common (18.1 %). For a complete list of 
species recorded, see Appendix 2. The average tree height at Fongoli is 4.6 m; the average 
crown height is 2.2 m; the average crown diameter is 3.1 m; and the average DBH is 15.E cm 
(n=415). These data will be used for comparison to trees selected for nesting in the nesting 
analyses. 
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2% 
21% 
Bamboo 
Ecotone 
Gallery 
Grassland 
Plateau 
Woodland 
Figure 4.5. Percentage of habitat comprised by each habitat type at Fongoli 
9% 
40% 
Bamboo 
Ecotone 
Gallery 
Grassland 
Plateau 
Woodland 
~ Disturbed 
Figure 4.6. Percentage of habitat comprised by each habitat type at Fongoli, including 
disturbed land 
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Table 4.3. Seasonal and structural features of Fongoli 
Season 
Transitional 
Rainy 
Total Average Average Average 
Precipitation Daily Stem Canopy 
(mm) Precipitation Density Cover (%) 
(mm) (per plot) 
183.2 5.73 4.23 19.07 
213.2 5.92 4.23 19.26 
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Figure 4.7. Rainfall at Fongoli from May 30, 2005 through August 5, 2005. The vertical line 
indicates the point at which the second phase of transect sampling began 
Table 4.4. Eight most dominant tree species at Fongoli 
Tree Species: Malinke and Scientific Nanze Percefzt Species Composition 
Keno (Pteroca~ pus eriizaceus) 18.1 
Gunye (Hexalobus monopetalus) 13.7 
Nete (Parkia biglobosa) 11.1 
Yambacatao (ConZbretum spp.) 10.1 
Kwara (Strychnos spinosa) 9.6 
Taba (Cola cordifolia) 7.2 
Yambamusu (Combretzrm aculeatunz) 6.5 
Wolo (Ternzinalia spp.) 6.3 
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4.4b Behavio~~al habitat use 
Habitat tv~e 
• H~,: The Fongoli chimpanzees will selectively utilize certain habitat types. 
• Ho: Habitat types will be utilized in proportion to their availability. 
Fongoli chimpanzees were observed to use all habitat types except ecotone, plateau, 
and disturbed areas. However, chimpanzees were observed to use plateau and ecotone 
habitat types, mainly for travel, outside of data collection sessions. Moreover, on a few 
occasions local residents reported hearing chimpanzees near their fields (i.e.. disturbed), and, 
in one instance, feces were collected approximately 10 meters from human habitation. 
The proportion of use (n=515 observations) for each habitat type is shown in Table 
4.5 in comparison to its availability as determined by the transect samples. The habitat types 
were used differentially (X~=20.334, df=5, p< 0.005), and the degree to which they were 
selected is shown in Table 4.6. According to the standard preference index, which compares 
degree of use to availability, ecotone, grassland, and plateau were avoided. All other habitat 
types were preferred, or selected, in a higher proportion than their availability. Neu's 
preference index (Neu et al., 1974), which factors in the confidence interval (p=0.01), is 
more conservative, and it shows no selection, neither for nor against, with regard to the 
bamboo habitat type. The relative rank of habitat type use, illustrated by Manly's 
standardized selection index (SSI) (Manly et al., 1993), determines the order in which habitat 
types would be chosen if all habitat types were edually available. Here gallery forest ranks 
highest, while plateau and ecotone each ranked lowest. One interesting result is the rank of 
bamboo, which is second, though it is neutral according to Neu's rank. 
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Table 4.5 Availability and use of habitat types at Fongoli {99% Confidence Interval) 
Habitat Propof~tion Expected Observed Proportion. Lower Upper 
Tvpe Available Use (~7) Use (n) Used CI CI 
Bamboo 0.02 10.3 36 0.070 0.000 0.179 
Ecotone 0.06 30.9 0 0.000 0.000 0.000 
Gallery 0.01 5.2 231 .449 0.365 0.533 
Grassland 0.56 288.4 65 0.126 0.0202 0.232 
Plateau 0.21 108.2 0 0.000 0.000 0.000 
Woodland 0.14 72.1 183 0.355 0.264 0.446 
Table 4.6. Selection and preference indices for habitat types at Fongoli 
Habitat 
Type 
Selection 
Index 
Standaj-d 
Preference 
Ijldex 
Near 's 
Preference 
Index 
Manly 
Standardized 
SI 
SSI Rank 
Bamboo 3.500 Preference None 0.068 2 
Ecotone 0.000 Avoidance Avoidance 0.000 5 
Gallery 44.900 Preference Preference 0.878 1 
Grassland 0.225 Avoidance Avoidance 0.004 4 
Plateau 0.000 Avoidance Avoidance 0.000 5 
Woodland 2.536 Preference Preference 0.050 3 
Activity budgets 
• H~,: There will be a difference in behavior observed among habitat types. 
• H~,: There will be no difference in behavior observed among habitat types. 
Overall, resting was the behavior observed most often (Fig. 4.8), and vigilance 
behavior was seen the least. The behavioral observations were likely not representative to 
make significant conclusions about the activity budgets among habitats, but some trends are 
evident (Table 4.7). In gallery forest, resting was the most common behavior categorization, 
followed by social behavior. In grassland and woodland, resting was also most common, but 
in woodland, feeding also comprised a large amount of the activity budget. Bamboo was 
used most frequently for resting as well, but a large amount of unknown behavior also 
occurred, likely due to the difficulty in seeing chimpanzees behind tall bamboo. Because of 
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this and a generally small sample size, it is difficult to make any conclusions about the use of 
bamboo habitat. 
Differences in the habitat types utilized for each behavior were also observed (Table 
4.8). Again, due to unrepresentative sampling of behaviors, only general trends can be 
interpreted without further investigation. Though resting was the most common behavior in 
each habitat type, the most resting occurred in gallery forest, followed by woodland. A large 
proportion of the feeding behavior observed took place in woodland, and most of the social 
behavior occurred in gallery forest. Because the habitat structure of each habitat type was 
not determined, it is not possible to make correlations between behavior and habitat attributes 
(e.g., canopy cover). 
■ Observer Related (n=4) 
Unknown (n=3 8 ) 
Other (n=3) 
Social (n=62) 
`-'-~ Travel (n=4) 
Feed (n=71) 
Vigilance (n=2) 
Rest (n=331) 
Figure 4.8. General activity budget of the Fongoli chimpanzees 
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Table 4.7. Activity budgets in each habitat type 
Bamboo Gallery Grassland Woodland 
Rest 50.0% (18) 69.7% (161) 78.5% (51) 55.2% (101) 
Feed 5.56% (2) 6.06% (14) 10.8% (7) 26.2% (48) 
Social 1 l.l% (4) 16.9% (39) 6.15% (4) 8.20% (15) 
Unknown 33.3% (12) 4.33% (10) 1.53% (1) 8.20% (15) 
Other" 0 3.0% (7) 3.1% (2) 2.2% (4) 
Total 
(n = 515) 
36 (7.0%) 231 (44.9%) 65 (12.6%) 183 (35.5%) 
`Includes `Travel', `Observer Related', `Other', and `Vigilance' 
Table 4.8. Behavior distribution among habitat types 
Bamboo Gallery Grassland Woodland Total 
(n=Sly) 
Resting 5.4% (18) 48.6% (161) 15.4%(51) 30.5% (101) 331 
(64.3 %) 
Feeding 2.8% (2) 19.7% (14) 9.9% ~7) 67.6% (48) 71 
(13.8%) 
Social 6.5% (4) 62.9% (39) 6.5% (4) 24.2% (15 ) 62 
(12.0%) 
Unknown 31.6% (12) 26.3 % (10) 2.6% (1) 39.5% (15) 38 
(7.4%) 
Other* 0 53.8% (7) 15.4% (2) 30.8%(4) 13 
(2.5 %) 
*Includes `Travel', `Observer Related', `Other', and `Vigilance' 
Ecological components 
• Ha: A positive correlation will exist between percent canopy cover and 
habitat use. 
• H°: There will be no correlation between canopy cover and habitat use. 
The average overall canopy cover available was 19.2%, and the average canopy cover 
used was 71.0%, suggesting selection of more closed habitats. However, a strong correlation 
does not exist between amount of canopy cover and habitat use (R, =0.015, slope=0.159). 
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Among habitat types, though, there was a difference in the percentage canopy cover utilized 
(Fig. 4.9; ANOVA: F3,so~=15.06, p < 0.0001). The average canopy cover utilized in the 
woodland habitat type (78.5%) is significantly greater than that of bamboo (61.4%) (Fisher's 
LSD=9.27, df==108, p < 0.01), gallery forest (66.9%) (LSD=5.05, df =409, p<0.01), and 
grassland (70.3%) (LSD=7.17, df==242, p<0.01). 
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Figure 4.9. Canopy cover used in each habitat type; *significant difference (p<0.01); box 
indicates range, line indicates mean, and error bars represent standard deviation 
• Ha: Certain behaviors will occur under a higher average canopy cover. 
• Ho: There will be no relationship between canopy cover and behavior. 
The vigilance sample (n=2) was too small to be analyzed, but it was possible to 
compare canopy cover use among the other behavior categories, which proved to differ 
significantly (Fig. 4.10; ANOVA: F6,soa=4.73 8, p=0.0001). Feeding, resting, and social 
behavior were the only categories with sample sizes sufficient for post-hoc analyses. There 
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was no difference in the average amount of cover during feeding (71.0%) and resting 
(73.6%) (Fisher's LSI~ =0.758), but social behavior occurred under less canopy cover 
(61.7%), on average, than both feeding (LSI~=8.98, df==131, p=0.01) and resting (LSD=7.15, 
df=3 91, p=0.01) . 
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Figure 4.10. Canopy cover used for each behavior categorization; *, +significant difference 
between categories with paired symbols (p=0.01); box indicates range, line indicates mean, 
and error bars represent standard deviation 
Location 
• Ha: There will be differences in the percent of time spent in certain locations 
among habitat types. 
• Ho: There will be no differences in location among habitat types. 
Many of the sample sizes are too small to make significant conclusions about location 
within the various habitat types used, but it generally can be seen (Table 4.9) that most of the 
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time, in all habitat types, the chimpanzees were arboreal. They utilized the ground and vines 
most often in the woodland habitat type, as opposed to gallery forest, where they were rarely 
observed to be terrestrial. 
Table 4.9. Percent time in each location by habitat type 
Habitat Arboreal Terrestrial Vines Water 
Total 
n=511 
Bamboo 66.7% (24) 33.3% (12) 0 0 36 
Gallery 96.1 % (221) 1.3% (3) 1.3% (3) 1.3% (3) 230 
Grassland 96.9% (63) 9% (2) 0 0 65 
Woodland 57.2% (103) 28.9% (52) 13.9% (25) 0 1.80 
Resources 
A last general observation about habitat use regards the availability of resources. The 
chimpanzees were not in close proximity to any known resources 25.4% of time (n = 130),; 
38.7% of the time, they were near Saba fruit (n=198); 20.4% they were near a water source 
(n=104); 7.6% of the time they were near termite mounds (n=39); and 7.8% of the time they 
were close to other food resources (n=40). Leaves were not considered food resources here 
because it was difficult to assess which were chimpanzee food items and which were not. 
4.5 Discussion 
Habitat structure 
The overall composition of the Fongoli habitat is largely similar to what has been 
previously determined (Table 4.10), with the biggest discrepancy in terms of disturbed 
habitat. The other incongruities probably can be attributed to different categorizations of 
woodland and grassland by the various researchers, sample sizes and methods used, and, 
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perhaps, the season in which the study was conducted. Other ambiguities could be the result 
of the patchy nature of the Fongoli landscape, and perhaps a better, or more thorough, 
method of sampling needs to be utilized to characterize it. These same discrepancies may 
account for some of the variability in the measure of disturbance, but the differences are so 
large, they should be carefully reevaluated. 
Table 4.10. ~labitat composition of Fongoli as determined by previous researchers; Mt 
Assirik site included for reference 
Galle~~l:~ 
Forest 
Woodlaj~rd G~•usslaj~d Bairlboo 
Woodlaj~c~ 
Ecoto~~e Plateazr Distiri~bed 
This 
study 
1 % 9/ 14% 40/56% 2 % 5/6% 21 % 22% 
Pruetz, 
2006 
2% 
(includes 
ecotone) 
46% 16% 12% N/A 20% 4%, 
minimum 
estimate 
Waller, 2% 24% 45% N/A 5% 16% 8% 
2005 
Bogart, 1% 32% 24% 13% 3% 24% 3% 
2005 
Baldwin, 
1979 
(Assirik) 
3% 37% 32% 
(includes 
bamboo) 
N/A N/A 28% N/A 
This study determined that 22% of the habitat at Fongoli is modified to some degree 
by humans. In the second phase of transect sampling, there was actually 2~% more disturbed 
habitat, and one sample plot was being cleared by a family during sampling. The disturbance 
does not always render the area unusable, as many areas simply had cut trees (6%). 
However, 2% was fenced or was characterized by some sort of dwelling, 6% was burned for 
future cropland, and 10% was already cropland. 
Because there was such a large discrepancy between the findings of this and previous 
studies, the comparisons of use were made without considering disturbed habitat. The 
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habitat structure without disturbed land included was determined by categorizing the sampled 
plot as the habitat type to which they were adjacent or by evidence of past structure (e.g., 
trees). However, in future studies, disturbed areas should be considered similar to plateau, as 
they provide few of the structural components normally utilized by the chimpanzees in other 
habitat types (Bissonette, 1997), except for traveling. 
Regardless of the consideration of disturbed habitat for use analyses, the evidence of 
a rapidly changing landscape is evident and somewhat alarming. In only the past few years, 
an increased amount of disturbance is visible (Waller, 2005). Though it is likely that 
chimpanzee density is a good indicator of habitat quality, there also may be a time lag in how 
chimpanzees react to landscape modification (Van Horne, 1983), making it difficult to gauge 
the effects. Because seasonality also affects habitat use and could influence population 
assessments, considerations need to be made for possible discrepancies due to seasonal 
change and use. 
Though there was no difference in the amount of precipitation observed between the 
transitional and rainy periods at Fongoli, other changes were evident. Of course, longer 
studies need to be carried out in order to determine the effect season has on habitat structure 
and habitat use, but comparisons to other sites in the area are useful. Baldwin (1979) found 
that forested areas at Assirik were least affected by seasonal change in terms of canopy 
cover. The canopy remained continuous between seasons, but the species that composed it 
changed (Baldwin, 1979). This is somewhat comparable to what was found at Fongoli. The 
habitat types themselves were not sampled, but the canopy cover of the site as a whole 
remained the same, and the percentage of trees fruiting changed between seasons. 
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Bamboo and woodland habitat types underwent the most drastic changes at Assirik, 
as the trees were primarily deciduous, and they sprouted new leaves at the onset of the rainy 
season (Baldwin, 1979). This change was not reflected in the overall habitat sampling of 
Fongoli, highlighting the need for habitat type sampling. Assirik plateaus also transformed 
between seasons at both Fongoli and Assirik. Baldwin (1979) found that there was an 
absence of grass in the dry season, but it could be tall in the wet season, which was akin to 
what was observed at Fongoli. The lack of overall change in stem density was predictable, as 
it is unlikely that stems large enough to be counted would develop or appear within five 
weeks. 
Habitat z~se 
The behavioral data for this study are somewhat skewed, as the chimpanzees were 
only observable when they were in a somewhat sedentary state and not traveling. Though 
some of the chimpanzees are habituated, this inability to collect data while following them is 
probably a result of differential skill and habituation between observers, as well as a result of 
the chimpanzees' efforts to avoid contact, especially when traveling, which was also seen at 
Assirik (Tutin et al., 1983). Blom et al. (2004) found that during the habituation process of 
gorillas, many factors affected their ability to maintain contact. The gorillas were easier to 
stay with in more forested areas and areas of more cover, and they were also less likely to 
flee if eating a preferred food (Blom et al., 2004). These influences may have also affected 
the ability to maintain contact with chimpanzees at Fongoli. Moreover, there were usually 
two people following the chimpanzees in this study, which may have caused them to be more 
covert. Therefore, the behavioral results of this study are important, but should not be 
considered conclusive. 
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Small sample size, differential habituation, and observer biases all may skew the 
results presented here. Future studies that focus solely on behavior should be able to remedy 
the sample size problem, and as the chimpanzees become better habituated to different 
observers, those biases should decrease as well. It is promising that less than 1 % of the 
behavior that occurred was directed toward the observer. However, 64.3% of the behavior 
observed was categorized as resting, which may not be an accurate portrayal of how the 
Fongoli chimpanzees spend their time. Nevertheless, some valuable data were extracted 
regarding habitat selection for resting, feeding, and social behavior. 
The habitat selection process occurs on many levels. The first level is that of the 
geographical range, which Kortlandt (1983) suggested might be determined for western 
chimpanzees by vegetation composition and presence of water. This appears to be true on a 
home range level as well. Pruett (2006) has suggested that water is the most limiting 
resource for Fongoli chimpanzees, especially in the dry season, as there are not many 
permanent water sources available. 
The need for water may explain the high preference for gallery forest, but if water 
were the only important factor, ~~oodland would probably not be the next preferred habitat, 
so it is evident other aspects of the home range affect which habitat types are utilized. As 
20.4% of the time chimpanzees were observed was in close proximity to water, it would 
appear that it plays a role in habitat selection. Baldwin (1979) found that temperature and 
access to water were determinants in habitat selection at Assirik. Gallery forest was used 
most in the diy season and less often in the wet season, and the opposite proved true for 
woodland (Baldwin, 1979). Because food was considered to be distributed evenly 
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throughout the habitat types, it was concluded that water availability was the driving force in 
habitat selection (Baldwin, 1979). 
Access to water may also be a primacy factor in habitat selection among chimpanzees 
at Fongoli, as they must drink daily (McGrew et al., 1981), but access to food resources 
should also be considered. Furuichi et al. (2001 b) found that in the Kalinzu Forest, the 
number of chimpanzees utilizing mixed mature forest fell in close relationship with 
decreasing fruit availability. However, secondary forest use increased even though overall 
fruiting also decreased slightly (Furuichi et al., 2001b). This was attributed to one specific 
fruit having a higher availability, so it was considered a fallback food, which plays a role in 
sustaining chimpanzees during periods when preferred or higher quality foods are not 
abundant (Furuichi et al., 2001 b). This has also been suggested at Fongoli (Pruetz, 2006). 
Fruits comprise the largest percentage of plant parts that are consumed by Fongoli 
chimpanzees, and they are found most often in woodland habitat (Pruetz, 2006). Though the 
chimpanzees preferred gallery forest overall, in this study they spent more time feeding in 
woodland than in any other habitat type (Table 4.7). Of the time they spent feeding, 38.7% 
was on Saba sef~egalensis fruit, which has been described as a keystone species for the 
Fongoli chimpanzees (Pruetz, 2006). Pruetz (2006) also found that Saba fruit was the 
principal food in the Fongoli chimpanzees' diet in the late dry and early wet season. 
Seemingly, the Fongoli chimpanzees prefer gallery forest habitat type because of the 
availability of water and cooler temperatures and the woodland habitat type because of 
greater food availability, but it has also been demonstrated that more than 62% of the Saba 
fruit eaten was from gallery forest, while only 17% was found there (Waller, 2005). 
Approximately 20% of the Saba eaten was from ecotone habitat and 18% was fi-om 
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woodland, though 63% of the fruit was found in those habitat types combined (Waller, 
2005). Sixteen percent of Saba fruit was found in grassland, but the chimpanzees did not eat 
any there (Waller, 2005). This discrepancy was attributed to the higher incidence of human 
Saba collection in both woodland and grassland, as those habitat types are easier to navigate, 
and chimpanzees are either out-competed or they choose to avoid those areas because of the 
people (Waller, 2005). While the sample size is too small to make any conclusions, it should 
be noted that the two cases when vigilance behavior was observed, it was in response to Saba 
collectors. This helps to explain why gallery forest may be utilized in such a high proportion 
to its use, but it does not justify the lack of chimpanzees observed in ecotone habitat. 
Avoidance of ecotone habitat was also found in a study of termite fishing at Fongoli 
(Bogart, 2005). Selection of gallery forest was noted, but overall, chimpanzees consumed 
termites most often in woodland. which is possibly related to the distribution of termite 
species (Bogart, 2005). Other features that may contribute to habitat selection include 
amount of canopy cover available. Bogart (2005) found that the Fongoli chimpanzees 
selectively utilized termite hounds with more canopy cover, which was interpreted as being 
associated with the selection of woodland (Fig. 4.11). However, without sampling individual 
habitat types, it is not possible to know which types have the most cover available. 
Similarly, overall average canopy cover use was greatest in woodland, but this does 
not really lead to any strong conclusions, because each habitat type must be examined in 
terms of availability. It may also be linked to the activities for which the habitat is most 
frequently used. Because woodland is used the most for feeding, which occurred under more 
canopy cover than social behavior, there may be a secondary effect of choosing more canopy 
cover, rather than it being a byproduct of habitat selection. Likewise, because gallery forest 
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was used more often than the other habitat types for social behavior, and social behavior 
occurred under less canopy cover, on average, the lower canopy cover use of gallery forest 
may be attributed to the behavior and not the habitat type. 
Figure 4.11. Fongoli chimpanzees termite fishing in the shade of woodland habitat type 
Location 
The positional behavior of primates relies on many simultaneous factors, including 
body size, morphology, and ecological considerations like habitat type and season (Doran, 
1996). Positional behavior includes both aspects of location and posture, but this study 
focused only on the location of chimpanzees within the various habitat types. In general, 
female chimpanzees tend to spend more time arboreal than do males. It has been previously 
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found that western chimpanzee males in Tai forests are arborea149% of the time (Doran and 
Hunt, 1994), but the environment there is much different than that of Fongoli. 
The chimpanzees in this study were arboreal (n=411) most of the time they were 
observed. This may be a reflection of a preference to be in the trees, or it may be a 
reflection, again, of habituation or observational differences. Blom et al. (2004), in their 
study of gorilla habituation, found that the apes were less likely to flee and more likely to 
ignore observers if they were arboreal. The same may be true for chimpanzees. In gallery 
forest, where most observation occurred, the chimpanzees were arboreal 96.1 % of the time. 
One explanation for this may be that the ground in gallery forest is typically rocky and often 
sloped, so it may be uncomfortable to remain terrestrial. However, in grassland, where the 
ground is less rocky, 96.9% of time was still spent arboreal. This may be affected by the 
more open nature of the habitat type, and being in the trees provides some level of safety 
(Pruetz et al., submitted). If compared to woodland, this seems plausible, as only 57.2% of 
the time was spent in trees and 28.9% of the time was spent on the ground in that habitat type 
(Fig. 4.12). 
Perhaps because the chimpanzees utilized areas of more cover and the ground is 
comfortable in the woodland habitat type, they were terrestrial more often than in other 
habitat types. Terrestrial behavior is perhaps less safe regarding predators or disturbance by 
humans, but it is also less costly in terms of risks like falling from the canopy (Pontzer and 
Wrangham, 2004). The differences seen among habitat types may be related to balancing the 
costs and benefits associated with one's location in certain habitat types. 
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Figure 4.12. A terrestrial party of chimpanzees at a water source in woodland habitat at 
Fongoli 
406 Limitations 
The limitations to habitat studies are numerous, but certain factors are likely to have 
affected this study. While focusing on males provides sufficient data, examining habitat use 
by females is also an important consideration. Research protocol at Fongoli currently 
prohibits systematic study of females, however. Likewise, generalizing a chimpanzee 
community's habitat use based on few individuals should be cautioned since each individual 
acts independently to some degree (Aebischer et al., 1993). Thus the effects of the social 
nature of chimpanzees on habitat selection should be further explored. There are likely 
important variables in habitat selection that were not examined or measured in enough detail 
to draw robust conclusions, including resource availability and seasonality of those 
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resources, which may be the driving factor in habitat use rather than habitat type itself. 
Therefore it is necessary to investigate resource use independent of habitat type as well as to 
sample each habitat type to determine what attributes and resources are available within each 
of them. 
Following this, the patchy nature of the Fongoli habitat can lead to misconstrued 
interpretations, as referring to each `habitat type' implies a level of homogeneity among the 
patches of each `type'. While there is homogeneity to some degree because the habitat types 
are defined according to vegetational structure, there are few distinct boundaries between 
patches, and each patch will not contain the same resources. Habitat selection at one level 
does not necessarily justify why an area was chosen to use (Johnson, 1980). Selection may 
be occurring at an attribute or resource level, and not at the habitat type scale. 
Moreover, coarse-scale features of the environment (i.e., habitat type) may change at 
a different rate than finer-scale features (i.e., resources). The composition of habitat types 
may change over time, so using habitat types as a measure for long-term planning may be 
problematic (Scott et al., 1993; Kortlandt, 1983). In assessing areas for conservation, 
guidelines for resource levels need to be developed, and each patch needs to be assessed in 
terms of those resources and not solely on its categorization as a certain habitat type and the 
assumed correlations with resources. 
Differences among habitat types may still be a useful general guideline when such 
extensive ecological studies are not possible. However, there are still caveats of which to be 
aware in drawing conclusions from use-availability studies. Strong preference for one 
habitat type, such as gallery forest, may create the appearance of avoidance for another 
habitat type (Aebischer et al., 1993), like plateau, as is the case here. Neu's preference index 
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accounts for this to some degree, but still it remains that grassland and plateau appear to be 
avoided, when they may just have had a lower level of use (Johnson, 1980) or were important 
when other habitat type patches are depleted (MacArthur and Pianka, 1966). 
Plateau, for instance, may not make up a large proportion of use, and it was avoided 
at Assirik seemingly because of its higher temperatures (Baldwin et al., 1981), but it still can 
be an important feature of the landscape for chimpanzees. The Fongoli chimpanzees were 
seen to travel on plateau, and it probably is much easier to walk on open ground than to 
navigate through the forest. Thus, not using a certain habitat type does not mean that it is 
low quality or being avoided, and ignoring these `unused' habitats may be detrimental to 
conservation. In general, attributing meaning to selection is dangerous without also assessing 
the quality of that which is being selected (Van Horne, 1983). Likewise, grassland, which 
was found to be the most disturbed habitat type, should not be allowed to be completely 
degenerated just because it appears to be avoided. Grassland may provide important 
resources for the chimpanzees even though it is not necessarily `selected'. For instance, 
though Baldwin and colleagues (1981) also determined that grassland was avoided in 
general, they also concluded that it provides important food species when they may be scarce 
in preferred habitat types. 
As alluded to before, specific components of habitat types and of the Fongoli 
landscape in general need to be assessed, both with regard to use in general and with regard 
to behaviors of interest. Though canopy cover was examined in this study of habitat use, 
there are surely other factors that contribute to the process of selecting areas for use. These 
various levels of selection will be considered with respect to nesting ecology, which explores 
the ecological context of one particular behavior, sleeping. 
~~ 
Chapter 5: Nesting Ecology of Fongoli Chimpanzees 
5.1 Introduction 
Humans that are sympatric with chimpanzees at Fongoli are considered aloes-level 
threat to these apes, as taboos prevent them from eating chimpanzees (Clavette, 2003), 
although hunting them for other purposes, such as securing an infant for the pet trade, has 
been reported in the area (Pruetz, pers. comet.). Despite the fact that the direct threat humans 
pose to chimpanzees in the form of hunting is minimal, it is thought that human activity still 
has an effect on chimpanzee behavior in that it may influence habitat selection, as areas that 
are utilized by humans may be avoided by the chimpanzees for nesting (Pruetz et al., 2002). 
At Fongoli, chimpanzees tend to nest along watercourses (Pruetz, unpublished data), 
and previous data show that the chimpanzees nest highest in bamboo habitat and lowest in 
gallery forest (Pruetz et al., submitted). Chimpanzees at Assirik nest higher and more closely 
together than Fongoli chimps, seemingly due to a higher risk of predation at the former site. 
Only indirect evidence suggests the possibility of a major predator species at Fongoli, the 
leopard (Paj~thera pa~~dus) (Pruetz et al., submitted). The effects of other variables on nesting 
behavior, such as food availability, have not yet been examined at Fongoli. 
West African chimpanzees tend to nest in closed habitats with taller trees, but in 
Fongoli, though these habitats are also preferred, tall trees are not utilized to their potential 
for high nesting (Pruetz et al., submitted). Perhaps habitat selection is due more to the 
availability of food, rather than predator avoidance (Pruetz et al. submitted). While the 
preference is for closed habitats, the majority of nests in Fongoli are in open habitats_ 
Chimpanzees were found to nest in woodland 65% of the time and in grassland 23% of the 
time (Pruetz et al. submitted). This trend is justified in part by availability, as gallery forest 
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comprises less than 2% of the site. However, the difference from Assirik, which has a 
comparable proportion of gallery forest, is significant (Pruetz et. in prep). 
5.2 Data Collection and Analysis 
In order to determine which habitat types are being utilized most by Fongoli 
chimpanzees for nesting, a comprehensive survey of nests encompassed the entire core range. 
This survey consisted of a cyclical monitoring of the five main regions (Djendji, Tukantaba, 
Kerouani, Fongoli, and Maragoundi) of this range (see Fig. 4.2). If it were known where a 
group nested the previous night, that location would be surveyed, along with the surrounding 
vicinity. After all the nests were recorded in a known area, other areas would be searched. 
Because nest age averages at least 95 days at the site (Pruetz et al., submitted), nests that 
were built in an area that was not immediately surveyed could still be accounted for. 
During the survey, the same variables recorded along transects (Table 4.2) were noted 
for all nests located, as they applied to the nesting tree or the area within a 5 m radius of the 
tree, to examine which characteristics of these habitats are important in nest site selection. In 
addition, many other variables that characterize the nests were recorded (Table 5.1). The 
GPS locations of the nest sites were overlain on a map of the site to illuminate any trends in 
nesting location, such as relation to large water sources and human activity. 
The nesting ecology data are compared to the habitat structure data described in 
Chapter 5 to illuminate relationships between availability of habitat components and their 
use. Nesting variables were also examined to determine possible correlations. Data were 
analyzed using the Statistical Package for the Social Sciences computer software (SPSS Inc. 
TM) and VassarStats Online Website for Statistical Computation. 
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Table 5.1. Variables recorded for nests 
Variable Definition Measurement Technique 
Data from each individual nest 
GPS 
location 
Location GPS points were recorded in 
UTM (WGS84 Datum) units; 
if a position was unattainable 
because of canopy cover, it 
was estimated using the 
nearest obtainable position 
(usually < 3 meters) 
Nest Height Distance of nest from ground Visual estimation* (meters) 
Nest Cover 
, canopy 
Percentage of nest covered by overhanging Visual estimation 
Nest Age Fresh w/ feces: green unwilted leaves with 
fresh feces underneath, indicating nest is 
from previous night 
Fresh: green, unwilted leaves, indicating 1-2 
days old 
Recej~t: green but wilted leaves, indicating 
up to 1 week old 
Old: brown leaves 
Rotted: shed most of leaves; mostly just 
branches remain 
Age classification of nest 
following Tutin and 
Fernandez, 1984 
Nearest 
Neighbor 
Proximity to nearest nest (for fresh nests 
only) 
Visual estimation* (meters) 
Proximity to 
resources 
Proximity to food or water resources (for 
fresh nests only) 
Visual search 
Escape 
Route 
The existence of an escape route other than 
trunk of nesting tree 
Visual search 
Precipitation Rainfall the night a nest was constructed (for 
fresh nests only) 
Precipitation was measured 
(mm) using a rain gauge 
located in the Fongoli 
village, but if this data was 
unavailable for a day, the 
presence or absence of 
precipitation was noted 
Data about entire nest group (for fresh nests only) 
Number in 
group 
Number of nests in nest group [a number of 
nests that appear to have been constructed in 
a cluster on the same day; this includes fresh 
nests only that are within 30 m of another 
nest (Furuichi et al., 2001 a)] 
Counting 
Distance Distance entire nest group spans Estimation (meters) 
*Measurements made by visual estimation were compared to actual distances every two 
weeks to ensure consistency 
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5.3 Results 
Nests at Fongoli persist for an average of at least 95 days (Pruetz et al., submitted), 
though many factors, including habitat type, can influence their duration. In total, 844 night 
nests in the core range that had been previously unrecorded by other researchers were 
documented in this study. Of those nests, 449 were fresh, 193 were classified as recent, 189 
were considered old, and 13 rotted nests were recorded. Eleven of the 844 nests were 
situated in lianas, two were ground nests, and the remaining 831 were arboreal. 
5.3a Habitat arsed, for fzestiy7g 
Gey~eral patter~~s 
The overall pattern of nesting is illustrated in Figure 5.1, a map created using the GPS 
locations of each nest recorded as well as significant features of the Fongoli chimpanzees' 
home range. There is a definite trend for nests to be located along waterways and near water 
sources. The Djendji water hole provides water during the d1y season. It also appears that 
nests are built away from roads, but not necessarily trails or footpaths, though this trend may 
be more of a consequence of waterway location. Patterns of nesting with regard to human 
settlements are less clear, but there are fewer nests near villages and possibly fields. 
The clustering of nests in certain regions of the home range indicates that nesting sites 
are not chosen randomly. Though the nest sites illustrated in Figure 5.1 extend beyond the 
core range, it can be seen that the majority of nests are within the core range. This may be a 
result of that area being most intensively searched, but it is also likely a result of actual 
habitat use, given their ranging patterns. Specific areas of the core range have particularly 
high densities of nests, illustrating that Fongoli chimpanzees repeatedly return to the same 
sites for sleeping, though new nests appear to be constructed. This pattern was observed, 
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specifically near Sakoto and Petit Kerouani Troisieme areas, both of which contained water 
sources during the study. In general, nesting along the Kerouani River and its tributaries 
appears to be the most common. Other small clumps of nests were seen near water 
resources, but they were not nearly as common. Amore detailed investigation should be 
done to elucidate the nature of reusing nesting sites, as this behavior may provide the best 
insight into the preferences of chimpanzees. 
Habitat type 
• H~: Fongoli chimpanzees will preferentially nest within certain habitat types. 
• H~: Habitat types will be utilized for nesting in proportion to their 
availability. 
Habitat types at Fongoli were used differentially for nesting with respect to their 
availability within the chimpanzees' core home range (Fig. 5.2, Table 5.2; X~=9371.76, df=5, 
p<0.001). Only woodland and gallery forest habitat types were preferred, while grassland 
and plateau were both avoided (Table 5.3). Both preference indices, Neu's and the standard 
index, indicate that the bamboo habitat type was used in proportion to its availability. The 
standard index indicates ecotone habitat was avoided, while an analysis using Neu's index 
(Neu et al., 1974) results in ecotone also being used in proportion to its availability in the 
home range (Table 5.3). Overall, if the habitat types are ranked using Manly's standardized 
selection index (SSI) (Manly et al., 1993), gallery forest is the most preferred habitat type for 
nesting, followed by woodland (Table 5.3). Plateau is the lowest ranked, as no nests were 
found in that habitat type. 
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Figure 5.2. Habitat type use for nesting compared to habitat type availability at Fongoli 
Table 5.2. Availability of habitat types and their use for nesting at Fongoli (99% CI) 
Habitat Proportion Observed Proportion Expected Lower CI Upper Cl 
Type Habitat Number of Nests in Number 
Available Nests Habitat Nests 
Bamboo 0.020 17 0.020 17 0.000 0.048 
Ecotone 0.060 120 0.142 51 0.060 0.224 
Gallery 0.010 277 0.328 8 0.317 0.339 
Grassland 0.560 134 0.159 473 0.078 0.240 
Plateau 0.210 0 0.000 177 0.000 0.000 
Woodland 0.140 296 0.351 118 0.280 0.422 
Total 1 844 1 844 
Table 5.3. Selection and preference indices for habitat types for nesting at Fongoli 
Habitat 
Type 
Selection 
Index 
Standard 
Preference Index 
Neu's Preference 
Index 
Manly 
Standardized 
SI 
SSI 
Rank 
Bamboo 1.000 None None 0.026 4 
Ecotone 2.367 Avoidance None 0.061 3 
Gallery 32.800 Preference Preference 0.842 1 
Grassland 0.284 Avoidance Avoidance 0.007 5 
Plateau 0.000 Avoidance Avoidance 0.000 6 
Woodland 2.507 Preference Preference 0.064 2 
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5.3b Nest ar~ca characteristics 
Canopy cover 
• Ha: There will be a positive relationship between nest frequency and canopy 
cover. 
• Ho: No relationship will exist between nest frequency and canopy cover. 
It is evident that areas with higher canopy cover are selected for nesting by Fongoli 
chimpanzees. The average canopy cover available in the chimpanzees' core range is 19.2% 
(n=200), and the average canopy cover used for nesting is 69.2% (n=844, range:0-100%, 
SD=19.01), which is a significant difference, indicating selection (t=-31.43, df==1042, 
p<O.000 l ,two-tailed). However, there was not a strong linear relationship between canopy 
cover and the number of nests constructed in an area. 
Stem density 
• Ha: There will be a positive relationship between nest frequency and stein 
density. 
• Ho: No relationship will exist between nest frequency and stem density. 
Chimpanzees at Fongoli actively selected areas of higher stem density for nesting. 
The average stem density available in their core range is 4.2 stems per five-meter radius plot 
(n=98), but the average stem density utilized for nesting is 7.6 stems per plot (n=844, range: 
0-46, SD=5.77), which is a significant, again indicating that selection is occurring (t=-5.51, 
df==940, p<0.0001, two-tailed). However, there was a weak negative relationship between 
stem density and the number of nests built in an area. 
5.3c Nest tree characteristics 
Tree height 
• Ha: There will be a positive relationship between tree height and nest 
frequency. 
• Ho: No relationship will exist between tree height and nest frequency. 
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The average tree height selected for nesting was 6.0 m (n=831, range: l .5-22.0, 
SD=2.43), and the average tree height of the core range is 4.5 m (n=422). The difference 
between use and availability is significant (t=-10.99, df==1265, p<0.0001), and thus indicates 
selection of taller trees for nestitlg. Again, there was no strong linear relationship between 
tree height and nest frequency. 
C~~own height 
• H~,: There will be a positive relationship between crown height and nest 
frequency. 
• H~: No relationship will exist between crown height and nest frequency. 
Selection for trees with higher than average crown height occurred with respect to 
nesting (t=-19.63, df==1234, p<O.000I,ttyo-tailed). The average crown height of trees 
utilized was 4.2 m (n=821, range:0-16, SD=1.91), while the average crown height available 
was 2.2 m (n=415). Like tree height, no linear relationship exists between crown height and 
nest frequency. 
Diameter at b~~east height (DBH) 
• H~,: There will be a positive relationship between DBH and nest frequency. 
• H~: No relationship will exist between DBH and nest frequency. 
Trees with larger stems were also selected for nesting. The average DBH of trees in 
the chimpanzees' core range is 15.5 cm (n=414), and the average DBH of trees in which 
nests were built was significantly higher (t=-1 1.9, df==1222, p<0.0001) at 31.1 cm (n=812, 
range 2.5-200, SD=25.32). However, the frequency of nests was not strongly correlated with 
DBH (r'=0.3747). 
Ti~ee species 
• H~,: Certain tree species will be selected for nesting. 
• ~ H~,: Nests will be located in trees in proportion to species availability. 
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The trees that were recorded in numbers sufficient to be considered in selection 
analyses are given in Table 5.4. A full list of trees documented at Fongoli is available in 
Appendix 2. Because the sample sizes of many species were too small, a full analysis of 
species preference is not possible. It can be seen that two species, taba (Cola cordifolia) and 
keno (Pteroca~ pus erinaceus) are selected for nesting, respectively. Other species, like 
yambacatao (Combretzcrn spp.), are avoided. 
Table 5.4. Selection and preference indices for certain trees with reference to nesting 
Malinke Name 
and Scientific 
Name 
Proportion 
of Habitat 
Propo~°tion 
Used for 
Nesting 
SI Preference Standardized 
SI 
Rank 
Gunye 
(Hexalobus 
monopetalus) 
13.7 6.8 0.496 Avoidance 0.0929 5 
Keno 
(Pterocarpus 
erinaceus) 
18.1 28.6 1.580 Preference 0.296 2 
Kwara 
(Strychnos spinosa) 
9.63 7.29 0.77 Avoidance 0.142 4 
Nete 
(Parkia biglobosa) 
1 1.1 8.63 0.777 Avoidance 0.145 3 
Taba 
(Cola cordifolia) 
7.22 12.52 1.734 Preference 0.324 1 
Yambacatao 
(Combretum spp.) 
10.1 0 0 Avoidance 0 6 
5.3d Nest characteristics 
Nest height 
• Ha: Nests will be built as high as possible. 
• Ho: Nests will be randomly distributed with regard to height within the 
crowns of trees. 
• Ha: Nest height will be negatively correlated with canopy cover. 
• Ho: No correlation will exist between nest height and canopy cover. 
• Ha: Nest height will be negatively correlated to stem density. 
• Ho: No correlation will exist between nest height and stem density. 
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Nests were not constructed as high as possible in the trees selected, but there was a 
correlation between nest height and tree height (Fig. 5.3; r2=0.847). The average nest height 
to tree height ratio was 0.78 (n=824, SD=0.151, range: 0-1), indicating that, on average, 
chimpanzees construct their nests utilizing approximately 80% of a tree's total height. Nest 
height was not strongly correlated with canopy cover (r2=0.151) or stem density (r2=-0.052). 
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Figure 5.3. Height of nest construction as related to tree height 
Nest cove 
Ha: Nest cover will differ among habitat types. 
Ho: There will be no difference in nest cover among habitat types. 
The average amount of each nest that was covered by canopy was 19.8 percent 
(n=844). This varied slightly among habitat types (Table 5.5; ANOVA: F4, 839=2.7256, 
p=0.02836), with the only significant difference being that nest cover was greater in bamboo 
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than in grassland (Tukey's HSD: p<0.05). However, all of these averages are somewhat 
unrepresentative as indicated by the large deviations, probably because nests most often had 
either zero (n=345; 40.9%) or 100% cover (n=45; 5.3%). 
Nearest neighbor 
• Ha: Nest proximity to neighbor nests will be negatively correlated with 
canopy cover and stem density. 
• Ho: There will be no correlation between proximity to neighbor and habitat 
structure. 
The average distance between neighboring nests was 4.1 m (n=449, range:0-15, 
SD=3.0). There was no correlation between distance to the nearest neighbor and canopy 
cover (r~=-0.135) or stem density (r~=0.038). 
Table 5.5. Nest cover in the various habitat types at Fongoli 
Bamboo Ecotone Gallejv Grassland Woodland Total 
Mean 33.8235 17.6667 23.7184 13.6194 18.9189 19.7749 
SD 42.3353 31.4959 38.0084 31.3565 35.3202 35.3202 
n 17 120 277 134 296 844 
Escape roLcte 
• Ha: Escape routes will exist for all nest sites. 
• Ho: Escape routes will not exist for all nest sites. 
Only one nest had no escape route. It was located arboreal in ecotone habitat with no 
trees close enough to be considered alternate means of leaving. All other nests (n=841 }had 
escape routes other than the trunk of the tree or lianas in which they were built. 
Resources 
• Ha: Nesting sites will be located most often near food and water resources. 
• Ho: Nesting site location will not be related to food and water resources. 
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Nearly seventy-four percent (73.5%, n=330) of all fresh nests were in visual 
proximity to food or water resources. The majority of these nests (76.7%, n=253) were 
located near water. On average, nests that were built near water sources were in trees 6.7 m 
from them. Thirty-one percent (31.4%, n=141) were built in tress that were within five 
meters to water, and 12.5% (n=56) were built in trees on the edge of or branches overhanging 
water sources. 
Twenty-seven percent (26.7%, n=88) of nests neat- resources were located near food, 
with an average distance of 2.7 m. Approximately 91 % (90.9%, n=80) of the food resources 
near nests were Saba fruit, while 5.7% (n=5) were other fruit sources, and 15.9% (n=14) 
were termite mounds. Nine percent (9.4%, n=42) of all fresh nests were in trees that 
contained ripe fruit, usually in the form of a Saba vine being intertwined with the canopy. 
P~~ecipitatio~7 
• H~,: There will be a negative relationship between rainfall and nest cover. 
• H~,: No relationship will exist between rainfall and nest cover. 
There was no relationship between nest cover and seasonal change, and there was no 
significant difference (Mann-Whitney U-test: U=24945.5, z=1.287, p=0.196, two-tailed) 
between average nest cover on nights when it rained (mean=15.3%, n=223, range:0-100.0) 
and nights when it did not rain (mean=16.1 %, n=226, range:0-100.0). On nights when it did 
not rain, 76.1 % (n=172) of nests had zero cover, and 77.2% (n=173) of the nests had zero 
cover when it did rain. These values are not significantly different (z=-0.282, p=0.7779, two-
tailed). Similarly, there was no difference (z=0.44, p=0.6599, two-tailed) between the 
amount of nests with 100% cover when it did not rain (mean=10.6%, n=24, range:0-100.0) 
and when it did (mean=9.4, n=21, range:0-100.0). 
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• H~,: Nest height will be higher when there is precipitation. 
• H~,: There will be no relationship between nest height and precipitation. 
There was no relationship between seasonal change and nest height. There was also 
no difference in the average nest height between seasons (t=-0.05, df==833, p=0.9601, two-
tailed) or between nights of rain and no rain (t=1.6, df==445, p=0.1 103, two-tailed). 
5.3e Nest group patterns 
NIU~?~IC'/" lj1 t1"C'C' 
• H~,: The number of nests in a tree will be positively correlated with crown 
diameter. 
• H~,: There will be no correlation between the number of nests in a tree and 
crown diameter. 
The average number of nests in the same tree was 1.5 (n=449, range: l -7, SD=0.91). 
Though the average crown diameter of nesting trees (5.9 m; n=822) was larger than the 
average crown diameter available (3.1 m; n=415; t=-20.6, df=1235, p<0.0001), there was not 
a strong correlation between crown size and the number of nests in a tree (r`=0.286). 
Number i» group 
• H~,: The number of nests in each group will vary seasonally. 
• H~,: There will be no seasonal differences in the number of nests in a group. 
The average number of nests per nest group was 9.66 (n=47, range: l -26, SD=7.74). 
There was not a strong linear relationship between seasonal progression and the number of 
nests in each nest group (Fig. 5.4). However, the average number of nests in a group during 
the transitional season (mean=7.1, n=29) was significantly lower (t=-3.19, df=45, 
p=0.002592, two-tailed) than the average number of nests in a group during the rainy season 
(mean=13.8, n=18). 
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• The number of nests in a group will vary by habitat type. 
• Habitat type will have no effect on the number of nests in a group. 
Overall, the sample sizes of nest groups in the various habitat types are too small to 
compare statistically (Figure 5.5), but differences appear to exist. Gallery forest and 
woodland are the only habitat types between which a comparison can be made, and there is 
no significant difference between the numbers of nests in groups in these habitat types (t=0.3, 
df=37, p=0.7659, two-tailed). 
Distance g~~oup spans 
• Ha: The distance nest groups span will vary among habitat types. 
• Ho: There will be no difference in nest group distance among habitat types. 
The average distance nest groups spanned was 41.3 m (n=44, range:4.0-50.0, 
SD=16.72). Again, the sample size of nest groups in each habitat type was too small to 
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perform a complete analysis, but a comparison between woodland and gallery forest can be 
made. There was no difference between the average distances spanned by groups of nests in 
these habitat types (Fig. 5.6; t=0.55, df=37, p=0.5856, two-tailed). 
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5.4 Discussion 
Figure 5.1 illustrates general nesting patterns of the Fongoli chimpanzees. The most 
significant trend seems to be the frequency of nests constructed along waterways. This may 
be related to a preference for the habitat types found in association, namely gallery forest. 
Nesting along water-ways may also be prevalent because of water's value as a resource, as 
many nests are also located near waterholes, but it may also be prominent because nesting 
over streams or rivers provides an escape route. If a nest is built overhanging water or neai-
the edge of a waterway, it is easy for a chimpanzee to cross the water arboreally, whereas a 
terrestrial predator may not be able to cross in pursuit so easily. The difference between wet 
and dry season nest location should be explored with reference to waterways to know if 
nesting is dependent on the presence of water, or if there are other factors that make these 
locations preferable. 
Other considerations for predator avoidance include building nests in places with 
good views of the surrounding area, such as on the upper parts of slopes, on promontories, 
and at forest edges (Kortlandt, 1992). Although these factors may be hard to quantify when 
examining nesting site choices, they can be considered anecdotally, which still has value in 
providing knowledge of the natural history of chimpanzees. Kortlandt (1992) also 
anecdotally reports seeing chimpanzees sitting in trees that border roads and watching human 
activity. Some nests at Fongoli are built near dirt roads, but the majority seems to be located 
away from these human-use areas. However, this may not be as much an avoidance of these 
areas as a result of strong preference for waterways or lack of suitable habitat near roads. 
By the same token, the lack of nests found near villages and fields may be less an 
indication of avoiding human interaction and more an indication of habitat suitability in these 
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areas. However, the Djendji water hole, an area that has a relatively high degree of human 
use but also a water source, was not used very frequently for nesting during this study. This 
may be indicative of the benefits of water not being outweighed by the costs of contact with 
humans. A previous study at Fongoli (Waller, 2005) documented one nest in disturbed 
habitat, and others have been anecdotally reported. Though this is not a representative 
sample, it is significant that any nests have been found in association with human use areas. 
Many nests were also found in somewhat close proximity to trails, perhaps suggesting that 
human avoidance is not occurring, although the trails are assumed to be used less often at 
night than during the day. The occurrence of nests near trails could also be due to a 
methodological bias in detectability. More specific studies, especially those that examine the 
relationship between daytime habitat use and nesting, need to explore these possibilities. 
Habitat tvpc 
The habitat types preferred for nesting correspond with those preferred for use during 
the day. Gallery forest and woodland are preferred in both cases, while grassland and plateau 
are both avoided. Though bamboo and ecotone habitat types have inconsistent results in 
terms of selection, they are both generally used in proportion to their availability during the 
day and at night for nesting. This correlation between daytime and nighttime use may be a 
reflection of chimpanzees' nesting where in areas they used during the day. It may also be an 
indication that gallery forest and woodland provide resources and habitat structure desirable 
for both sleeping and diurnal activity. Because most of the activity observed in this study 
was within the context of resting, this may be likely. 
Many of the results of this study are similar to what has been previously found at 
Assirik, indicating that some nesting trends may be characteristic of savanna chimpanzees 
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living in the dry mosaic environment of Senegal. Baldwin (1979) found that most nests at 
Mt. Assirik were built in woodland habitat, followed by gallery forest then grassland. Nests 
were rare in bamboo or plateau habitat types. This is the same pattern found in this study, 
though Pruetz et al. (submitted) previously found more nests in grassland than in gallery 
forest, but with a stronger preference for gallery forest. This discrepancy may be a result of 
differences in habitat definition, but overall, the prevailing trend is selection for gallery forest 
and woodland habitat types for nesting. 
The preference for woodland has been attributed to its greater availability compared 
to gallery forest and also the opportunity to nest in novel places each night, which may be a 
behavioral adaptation for avoiding both predators and parasites (Baldwin, 1979). The variety 
of tree species available has also been cited as a possible reason for preferentially nesting in 
woodland (Baldwin, 1979). At Assirik, chimpanzees utilized the highest number of tree 
species, 17, for nesting in woodland habitat. At Fongoli, the same pattern emerged, with 31 
different woodland species used. Baldwin (1979) also found that Assirik chimpanzees used 
12 different tree species in gallery forest and four different species in grassland. Although 
Fongoli chimpanzees also used a wide variety of gallery forest species, 17, they utilized 28 
different species in grassland, which was generally avoided. Therefore, the variety of species 
may not be a major component of habitat type selection for nesting. 
The avoidance of grassland and plateau for nesting may be a result of their more open 
canopy, a component that has been shown previously to influence nesting site location 
(Pruetz et al., submitted). Plateau may also be avoided because of the lack of trees in 
general, which makes it unsuitable regardless of the lack of cover. Bamboo habitat at Assirik 
seemed to have unsuitable trees for nesting, including acacias and palms (Baldwin, 1979). 
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The structure and composition of individual habitat types at Fongoli was not examined here, 
though it is crucial to do so in order to determine the ecological relationships between habitat 
type and behavior. 
Area_ features 
Canopy cover and stein density may be factors related to safety, which is an 
important consideration, as chimpanzees are vulnerable when sleeping. Attacks by both 
leopards (Boesch, 1991) and lions (Tsukahara, 1993) have been repot-ted at other sites. 
Therefore, it would be expected that chimpanzees would seek areas of high canopy cover, as 
a closed environment would provide this security. Stem density may logistically provide 
safety as more escape routes would be available in the event of a predator attack. Baldwin 
(1979) found that only seven percent of nests had no escape route other than the trunk of the 
tree in which they were built. It is likely that this is also a conceal for Fongoli chimpanzees 
as only one out of 844 nests had no nearby escape route. 
Chimpanzees selected areas of higher canopy cover and higher stem density than 
would be expected based on availability of these features at Fongoli. It appears that both of 
these features are being selected independently as there is no relationship between stem 
density and the amount of canopy cover in an area (r~=0.0644). Though there was no 
positive linear correlation of either variable with the number of nests, it is likely that this is 
moreso a result of other factors like availability of these features. 
There appears to be a strong relationship between canopy cover and nest frequency in 
areas less than or equal to 80% cover, but this relationship appears to end after that point 
(Fig. 5.7), so the overall relationship is not linear. This may be an indication of the relative 
scarcity of areas having more than 80% canopy cover. While more canopy cover may be 
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prefen-ed, it may not always be available or worthwhile to spend time searching for or 
traveling to these areas. 
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Figure 5.7. The relationship between canopy cover and nest frequency 
The negative correlation between stem density and nest frequency is misleading, as 
the relationship is not linear (Figure 5.8). There seems to be a peak between six and ten 
stems per 5 m radius plot, with the average stem density of 7.6 in nesting areas supporting 
this conclusion. After a density of about 12 stems per 5 m radius plot, there is a severe drop 
in the number of nests built in areas of higher stem density. This may be because a sampled 
plot with a relatively high number of stems is characterized by smaller trees, which are 
probably less sturdy and therefore less suitable for building nests. 
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Though the availability of canopy cover and stem density is not known for each 
habitat type, differences in these components used for nesting among the habitat types is 
evident (Table 5.6; ANOVA: F4,s39=59.6941, p<0.0001, canopy cover; F4,83s=64.3806, 
p<0.0001, stem density). While selection in each habitat cannot be determined because of 
the lack of data about availability, the use alone of each habitat remains interesting. More 
canopy cover was utilized in gallery forest than in any other habitat type (Tukey's 
HSD=9.94, p<0.01). All other differences are significant (Tukey's HSD=8.33, p<0.05 for 
grassland and woodland; p<0.01 for remaining) except that between grassland and ecotone 
types, where the amount of canopy cover utilized was the same. 
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There were significant differences in the stein densities of areas used for nesting. The 
average stem density utilized in woodland habitat type was significantly greater than that of 
all other habitat types (Tukey's HSD=2.99, p<0.01). The average stem density used in 
grassland was also significantly higher than that of ecotone (Tukey's HSD=2.50, p<0.05). 
The availability of these components needs to be examined for each habitat type at Fongoli to 
determine if selection of certain habitat types is occurring because of the structure they offer, 
or if the habitat types are being selected for other reasons. 
Table 5.6. Differences in stem density and canopy cover among habitat types 
Habitat Tvpe Canopti~ Cover (%) Stem Density 
Bamboo 43.5 5.59 
Ecotone 58.6 4.76 
Gallery 79.9 5.19 
Grassland 60.4 7.34 
Woodland 69 1 1.25 
Fongoli Average 19.2 4.23 
Average Used 69.2 7.59 
Nestii~b tree 
Like canopy cover and stem density, tree height is often associated with safety, 
namely predator avoidance. It is also a factor cited as providing greater comfort for nesting 
(Froth and Hohmann, 1996; McGrew et al., 1981). Even though reduced predator pressure 
exists at Fongoli (Pruetz et al., submitted), taller trees were used for nesting more often than 
would be expected based on availability. Nesting in taller trees even when predation is low 
may be a residual behavior that has not been lost in Fongoli chimpanzees. It is also feasible 
that though humans at Fongoli do not pose high risks to chimpanzees, they may still be 
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considered predators (Kano, 1992). Another possibility is that ground nests are constructed 
more frequently, but they also may be more difficult for researchers to detect. 
However, as illustrated in Figure 5.9, the relationship between tree height and nesting 
frequency is not linear. This could be a consequence of the lack of availability of very tall 
trees. Relationships between tree height and habitat type need to be further explored, as there 
is a difference in the heights utilized among habitat types (ANOVA: F~,~~~=12.2612, 
p<0.0001), but it is not possible to know whether this is a product of selection or availability. 
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Figure 5.9. The relationship between tree height and nest frequency 
Similarly, trees with higher crowns were also frequently selected for nesting, though a 
linear relationship did not exist (Fig. 5.10), probably, again, due to the lack availability of 
trees with tall crowns. Crown height and tree height are correlated (r'=0.796), so these 
features are not necessarily being selected independently of each other, and tall crowns may 
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be a result of the selection of tall trees. Observations of chimpanzees at Assirik (Baldwin, 
1979) have shown that chimpanzees called at night in response to leopard sounds, but not in 
response to hyenas or non-predatory animals, suggesting that leopards pose the greatest risk 
to chimpanzees. However, it was also observed that leopards could climb most trees at 
Assirik, so it has been suggested that crown height should not make a difference in the level 
of safety provided (Baldwin, 1979), indicating comfort may be a bigger consideration when 
choosing crown height. However, taller crowns may provide more time to escape if a 
predator does begin to climb a tree. 
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Another variable that may affect the comfort level of nesting is the size of the tree 
trunk in which a nest is built. Trees with larger trunks are likely to be sturdier and less prone 
to swaying or disturbance by other animals. This provides some degree of comfort, but it 
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also reduces the likelihood of falling out of a tree. Chimpanzees at Fongoli selected trees 
with higher than average DBH, but the overall relationship DBH and the frequency of 
nesting was not linear (Figure 5.11). There might be some discrepancy in conclusions about 
selection because only trees with a DBH greater than 10 em were recorded in the transect 
plot surveys, but 6.3% of the nests (n=53) were built in trees with diameters less than 10 cm. 
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Figure 5.11. The relationship between DBH and nest frequency 
Certain tree species provide preferred features for nesting, including height and large 
DBH. Chimpanzees at Fongoli most often nested in keno trees (Pte~~ocai pus erinaceus), 
though taba trees (Cola coi~difolia) were more preferentially utilized. Both of these trees are 
relatively common in Fongoli, but they were utilized differentially for nesting with respect to 
their availability. At Assirik, keno was preferred the most in woodland, and it was also the 
most common species at that site (Baldwin, 1979). Both taba and keno may be selected 
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because they tend to be large trees. The large leaves of taba trees may add to the degree of 
comfort they provide, making them more preferred over keno and other species. The 
avoidance of yambacatao (Comb~etum spp.) is likely due to the fact that it is most commonly 
found in plateau, though it was also found in other habitat types, and it is a short shrub-like 
tree that does not provide much room between branches for nesting. Tree species should be 
examined individually to determine if they are selected or avoided because they provide (or 
do not provide) preferred attributes. 
Nest cha~~acteristics 
If chimpanzees are choosing taller trees for reasons of safety, it should follow that 
they utilize the trees to their potential by building their nests as high as possible. At Fongoli, 
the height of nests is related to the height of the trees in which they are built, but the height of 
the trees is not exploited to the highest degree possible. It is difficult to determine this, 
however, as the uppermost branches of trees may not be stable enough to construct nests. 
Though the height of trees and crowns utilized differs among habitat types at Fongoli, the 
trend of not utilizing the highest branches remains constant (Fig. 5.12). The nest to tree 
height ratio of 0.78 at Fongoli is similar to what has been found previously at Fongoli (Pruetz 
et al., submitted) and at Assirik (0.8; Baldwin, 1979), indicating that this ratio is for some 
reason desirable for nesting. 
Nests are built at different heights in different habitat types (ANOVA: Fa.g39=18.0073, 
p<0.001). Nests in bamboo habitat were built lower than those in all other habitat types 
(Tukey's HSD=1.38, p<0.01), which is the same relationship seen in the utilization of tree 
heights among habitats (Tukey's HSD=1.8, p<0.01). Trees utilized and nests built in gallery 
forest were also significantly higher than those in grassland (Tukey's HSD=1.51, p<0.05, 
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tree height; p<0.01, nest height). The consistency between these relationships of tree height 
and nesting height reinforces the idea that a certain ratio of nest height to tree height exists, 
and nests are not being built as high as possible, even when trees are shorter in different 
habitat types. Brownlow et al. (2001) found that chimpanzees at Budongo constructed nests 
at the same level as fruit in the nesting tree. This may help support nesting as a means of 
resource defense, as opposed to predator avoidance, but it has not yet been examined at 
Fongoli. 
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Figure 5.12. Average tree, crown, and nest heights utilized for nesting in each habitat type; 
the brown and yellow lines represent overall average available tree and crown height, 
respectively, at Fongoli 
There was no relationship between precipitation and nest height nor cover, indicating 
that variation in these components of nesting may be due to other factors. The lack of 
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relationship between nest height and nest area structure (i.e., stem density and canopy cover) 
suggests that nest height is not used to compensate for the deficits in safety left by these 
components. Interestingly, the only ground nest was built in bamboo habitat, and there was 
minimal canopy cover in the area, although, the tall bamboo surrounding the nest seemed to 
provide adequate shielding (Fig. 5.13). The absence of a relationship between nest height 
and habitat structure may also be because one or more of these factors is not related to safety, 
and instead some or all are chosen based on the comfort derived. This may also be what is 
reflected by the lack of maximization of tree height for nesting. Similarly, the lack of 
difference in nest cover and high incidence of zero cover (40.9%) is likely an indication that 
nest cover is also a feature of comfort (i.e., thermoregulation) rather than of security. 
Figure 5.13. A ground nest in the bamboo habitat type 
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Nest g~~oup 
In addition to ecological factors that may affect nesting location, learning, genetic 
predisposition, and social factors need to be considered (Wecker, 1964; Hall et al., 1974). 
Here only rudimentarily social factors that may influence nesting choices will be examined. 
Only seven nests were found alone in this study. While this may be due to a bias in 
detectability, it is probably also largely reflective of the social nature of nesting in 
chimpanzees. 
In general, associating in groups is thought to decrease predator pressure (Pulliam, 
1973; van Schaik, 1983), increase reproductive potential, and increase the ability to exploit 
and defend resources (Wrangham,~ 1980) due in part to shared knowledge of resource 
location (Tutin et al., 1983) and the need for cooperative behaviors (Boesch, 1996). 
However, as group size increases, feeding efficiency may decrease (Wrangham, 1977), 
implying that there may be an optimal group size depending on conditions. Daily 
chimpanzee party size can be influenced by many things, including, but not limited to, food 
availability, presence of cycling females, and social factors like the preference for certain 
companions (Baldwin, 1979). Activity has also been shown to influence grouping, and, 
specifically, resting parties are larger than those formed during other activities (Boesch, 
1996). This may also translate to larger sleeping parties relative to average group size. 
At Fongoli, mean party size during initial years of study was 4.1 chimpanzees, though 
feeding occurred in smaller parties (mean=3.2) (Piel, 2004). The average number of nests in 
a nest group was 9.7, though one group had 26 nests, which is nearly the entire Fongoli 
community. Piel (2004) also found that nest groups were larger than daily groups, and he 
suggests that congregating at night may function to maintain social cohesion. This desire to 
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cement social bonds may also explain why chimpanzees repeatedly return to the same areas 
to nest. Even if the chimpanzees are not in contact with each other during the day, they are 
able to meet at theses known locations to nest together at night. 
The number of nest groups in each habitat type was not high enough to compare the 
number of nests each contained across habitats, but Piel (2004) discovered that the largest 
nest groups at Fongoli were in gallery forest. The trend elucidated by this study is that 
woodland had the overall largest nest group size, followed by gallery forest, although they 
were similar on average. There was also no difference among these habitat types in the 
average distance a nest group spanned, suggesting that overall spacing may be similar. This 
supports Baldwin's (1979) idea that these habitat types may be preferred as they allow the 
more chimpanzees to nest because they provide more diversity than other habitat types. The 
nesting group trends in other habitat types (i.e., grassland) need to be further explored to 
clarify this relationship. 
On a large scale, the habitat type and area where a group nests may be selected by a 
dominant individual or be the result of a combination of social relationships or events. 
However, there are no known studies that have examined this idea for chimpanzees. On a 
smaller scale, once an area has been generally chosen for nesting, placement of nests within 
that area can depend on social interactions and structure of the community (Fruth and 
Hohmann, 1996). The average number of nests in the same tree was 1.5, indicating that 
usually only one or two chimpanzees slept in the same tree (Fig. 5.14). Even as crown 
diameter increases, the average number of nests in a tree remains the same, indicating that 
more room is not utilized in order to be closer to other chimpanzees. However, sometimes 
many chimpanzees shared a nesting tree, which has been suggested to be a decision based on 
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familiarity of individuals (Fruth and Hohmann, 1996). The largest number of nests found in 
a single tree was seven, which is the same as was found in Assirik (~aldwin, 1979). The 
social ramifications of sharing a tree may be important, but they sometimes may be 
outweighed by the desire to monopolize food resources or avoid disturbance caused by 
others' movement or noisy activity. 
Figure 5.14. Two nests in separate stems of the same tree at Fongoli 
Neighboring nests at Fongoli were an average of four meters apart. If this were a 
preferred distance, it would explain why there are, on average, fewer than two nests in a tree. 
The fact that the distance between nests is not affected by habitat structure may mean that 
neighbor distance is primarily a factor of comfort or social relationships, as it would be 
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expected to decrease in less safe conditions if closeness increased security as has been 
suggested for chimpanzees at Assirik (McGrew et al., 1981). Binford (1983) has found 
commonalities among the placement of sleeping sites of modern hunter-gatherers; their beds 
represent their personal space in which they do not want to be bothered, and they are often 
used for activities other than just sleeping, so spacing does not reflect only aspects of safety. 
A previous study at Fongoli (Piel, 2004) found 37.8% of nests were single, which is 
in contrast to the results of this study in which only 14.9% of nest `groups' were composed of 
only one nest. Piel's study of nesting had a smaller data set, but it was also longer (eight 
months), so his results may be more representative of overall nesting patterns at Fongoli. 
This study focused on the transitional and rainy seasons, during which both daily party size 
and nest group size are thought to be larger, as a response to more widely distributed food 
and water resources (Piel, 2004). 
Resources and seasonality 
Seasonal changes in the distribution and abundance of fruit have been recorded at 
Fongoli, and these factors are often used to explain differences in party size over time (Piet, 
2004; Pruetz, 2006). Primarily, increased fruit availability is associated with larger groups. 
Though there was not a trend for the average number of nests in a group to increase as the 
rainy season progressed, the overall average number of nests in a group in the wet season 
(mean=13.8) was higher than the average number (7.1) in the transitional season. Because 
there was no difference in rainfall between these season categories, the differences are more 
likely a result of resource distribution, as the percentage of fruiting trees was higher in the 
rainy season. 
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Proximity to resources seems to be an important consideration influencing nest site 
location, given the high percentage (73.5%) of nests located near resources. Water may be 
the primary factor affecting nest site location on both coarse and fine scales. As seen in 
Figure 5.1, nest sites in general seem to be near waterways. Within those nest sites, nests are 
located near water sources, with an average distance of 6.7 meters, 77% of the time. The 
utility in nesting near waterways for predator defense has been discussed, but a more 
important consideration may be the water resource that is actually provided at these sites. 
Food resources were also an important factor in nest site location. The most 
important food resource affecting nesting in this study period was Saba, as it composed 91 
of the food resources near nests. An average of 9.4% of nests were in the same tree as ripe 
fruit. Given the seasonal range of fruiting trees overall in Fongoli from 5.7 to 11.3%, it 
seems as though there is not a strong avoidance of these trees as suggested by Fruth and 
Hohmann (1996). However, the relationships between specific timing of overall fruit 
ripening and nest location needs to be examined in more detail before this conclusion can be 
made. 
5.5 Limitations 
Many limitations exist in the study of chimpanzee nesting ecology. Methodologically, 
it is difficult to find and record all nests constructed in the study period because of factors 
like detectability, although doing so in a savanna environment is likely easier than in more 
forested habitats. Given the number of nest-building chimpanzees and the length of the 
study, there should have been about 2000 nests detected, barring reuse. There were 927 nests 
found, and 844 of those were within the core range of the Fongoli community. It is probable 
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that many other nests were built outside of the core range, and because these areas were not 
regularly searched, these nests would be missed. However, it is unlikely that more than 1000 
nests were outside of the core range. Ground nests also may have been more frequently 
constructed than was detected, which has important implications for predator considerations 
at Fongoli. 
In addition to the inability to record all nests, there is difficulty in making conclusions 
based on the nests that are discovered. It is not a simple task to tease out ecological factors 
from social factors of nesting. Because a habitat type or feature is seemingly preferred or 
more heavily utilized may not always indicate that it is the most ecologically suitable or 
prime location. Dominant chimpanzees may have influence over group nesting patterns, and 
they may also have more access to prime nesting spots (Froth and Hohmann, 1996). Though 
social factors can be explored to some degree using indirect data like number of nests in a 
group and neighbor distances, conclusions are hard to make without specific associated 
behavioral data. 
After acknowledgement of social influences on nesting, many ecological relationships 
between nesting and habitat can be determined. However, there are also improvements to be 
made. In addition to larger sample sizes, snore detailed description of habitat types would 
expand the scope of conclusions. Determining the structure (e.g., canopy cover, resource 
distribution) of individual habitat types will allow patterns within habitat types to be 
elucidated. Conclusions about preferred structure can only be made in reference to the entire 
available habitat at Fongoli because data only exist describing this. 
Because it is known that decisions about habitat type preclude decisions of nest 
location, it is important to determine whether features of nest areas are being utilized because 
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of the habitat type in which they are found, or if the habitat types are being utilized because 
of the features that are found in them. Moreover, information about resource distribution in 
reference to both habitat types and habitat structure is essential in illuminating nesting 
decisions. 
Lastly, as in most ecological studies, conclusions would benefit from longer-term 
research that spans multiple seasons and expands spatially. Because this study was relatively 
short, seasonal differences were difficult to clearly define, and effects of seasonal change 
were simplified. The home range of the Fongoli chimpanzees is known to be much larger 
than that which is considered their core range. It would be interesting to know under what 
conditions other areas of the home range are used for nesting, as this would likely have both 
seasonal and behavioral implications. 
Though many factors limited this study, the conclusions remain important. General 
information about nesting ecology has ramifications for the conservation of chimpanzees. It 
can also provide a reference for hominid use of savanna ecosystems. More specific 
conclusions add to the knowledge base about western chimpanzees, and they may also 
provide potential proximate mechanisms for hominid behavior that could be compared with 
the fossil record. Overall, when understanding of nesting ecology is combined with that of 
general habitat use and the results of other studies, the Fongoli chimpanzee community can 
provide useful correlates for reconstructions of hominid life. 
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Chapter 6: Summary and Conclusions 
6.1 Summary 
The results of this study illustrate the general habitat preferences and nesting patterns 
of a community of savanna chimpanzees living in southeastern Senegal. It has been shown 
that Fongoli chimpanzees prefer gallery forest and woodland habitat types, both during the 
day and at night, and this may be due to certain attributes of these areas, namely canopy 
cover. Stem density may also influence habitat use for nesting, but this nonlinear 
relationship needs further examination. Another factor that influenced both daytime habitat 
use and nesting was the location of resources, which proved to be an important feature of 
nesting sites as well as areas used diurnally. 
It is evident that habitat selection occurs on multiple levels (Figure 6.1). It seems that 
more coarse scale features (i.e., habitat type, area features) may be important for 
considerations of safety and resource acquisition. These components are similar in areas 
selected for both daily activity and nesting. Finer scale features were only examined for 
nesting, and it may be that these are selected on the basis of comfort. For example, patterns 
of nest location within the height of the tree, the selection of certain tree species, nest cover, 
and nearest neighbor distances indicate the possible influence of concerns besides safety and 
resource defense. Subsequent interpretations implicate these choices as comfort-oriented 
decisions, but specific hypotheses need to be formulated and tested to provide support for 
these speculations. 
The correlations found between habitat used during the day and habitat used for 
nesting suggests that nesting areas generally provides a good indication of which habitat 
types are used during the day. While the conclusions drawn here are site-specific, and they 
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Figure 6.1. Selection hierarchy of coarse and fine scale features for general habitat use and 
nesting at Fongoli 
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focus primarily on resting and sleeping behavior, they may be extrapolated to other sites. 
The implications of such comparisons and collaborations are broad in terms of providing 
information both for models of hominid evolution and the conservation of chimpanzees. 
6.2 Implications for Hominid Evolution 
Hominid habitat use 
Chimpanzee models do not provide a replicate of hominid behavior and habitat use, 
but they can provide predictions and hypotheses testable against the fossil record. Overall, 
analogous models can contribute to our understanding of evolution by providing proximate 
mechanisms for behavior that ultimately result in the development of certain patterns over 
time. Modern hunter-gatherers provide useful ethnoarchaeological and ethnographic data for 
interpreting and reconstructing hominid life; however, the arboreal nature of chimpanzees 
may further illuminate Australopithecine, and possibly early Homo, behavior. 
The environment of the Fongoli study site in southeastern Senegal closely resembles 
the mosaic savanna habitat that certain hominids are thought to have inhabited (Moore, 1996; 
McGrew et al., 1981). While it is generally agreed that early Homo and most Pay-ay~th~opus 
species did live in this type of environment 2.5-1.5 mya (Sponheimer and Lee-Thorp, 1999; 
Reed, 1997), there is less consensus about the predominant habitat of Austj~alopitheczcs 
species. However, some support has been provided for the hypothesis that even early 
Australopithecines, including A. afaf~ef~sis, lived in a mosaic habitat of savanna and 
woodland (Potts, 1998). 
Even if Australopithecines relied more on closed forests, this may have only 
represented their primary habitat. Like Fongoli chimpanzees, which prefer gallery forest and 
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woodland, Australopithecines may have also utilized more open habitats akin to plateau and 
grassland for feeding and traveling. Perhaps the environment became too variable for 
Australopithecines and they were unable to travel safely between patches. Chimpanzee 
groups are smaller during periods of resource scarcity, but perhaps breaking up into smaller 
groups was too costly for early hominids, and they were, for example, more vulnerable to 
predator pressure. The prevalence of smaller groups may be evidenced by temporally 
smaller fossil assemblages of Australopithecines in the fossil record, while increased 
predation pressure may be seen in the fossil record as well. Additionally, such evidence 
would be associated with more open environments. However, this evidence would also be 
less likely to fossilize in open environments, making it difficult to test these hypotheses. 
This bias may also affect our present knowledge of hominid habitat use by creating a fossil 
record skewed towards closed environments. 
The fragmentation of hominids' environments due to aridification in the Plio-
Pleistocene may not have contributed to their extinction as much as the change in constant 
access to water did, as suggested by Reed (1997). Seasonal changes in extant savanna 
chimpanzee environments have the largest effect on woodland habitat (Baldwin, 1979). 
Therefore, in addition to an unreliable water supply, changes in woodland habitats may have 
adversely affected Australopithecines' ability to survive. This seems likely, as though 
chimpanzees prefer gallery forest, potentially because of the water and cool temperatures it 
can provide, they also rely on woodland habitat for food. Fruits comprise the largest 
percentage of plant parts that are consumed by Fongoli chimpanzees, and these food items 
are found most often in woodland habitat (Pruetz, 2006). 
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Chimpanzees compensate for deficiencies in woodland food resources by foraging in 
grasslands (Baldwin et al., 1981), but Australopithecines who attempted this may have met 
competition with Homo species that already occupied that niche. Changes in resource 
utilization are challenging to determine, as plant foods do not fossilize. Moreover, it is 
difficult to accurately determine seasonal differences among fossil assemblages. Isotopic 
analyses have the potential to elucidate some changes in hominid diet and subsistence 
patterns. Evidence of expanding home ranges or foraging outside of a concentrated core 
range may also indicate an Australopithecine need for diminishing or seasonal resources. 
Because of small sample sizes of fossil hominids, these predictions may be difficult to test, 
but they could be used in conjunction with other hypotheses about the extinction of early 
hominids. 
The persistence of early Homo was dependent on a shift in diet, but it is difficult to 
know how this shift resulted in the changes that are prevalent in later and modern Homo 
species (O'Connell et al., 2002). The use of patchy savanna environments and specific 
habitat types by chimpanzees for resource exploitation may mirror to some degree hominid 
behavior. Specific features of paleohabitats, such as canopy cover, are difficult to discern, 
but, judging from chimpanzees, it is likely that forests were preferred by hominids because of 
the shade and possible safety they provided. More frequent use of gallery forest by Homo 
species may not be discernable due to differences in fossilization and site formation 
processes (Kerbis Peterhans et al., 2002). 
Additional components of habitat selection seen in chimpanzees may be applicable to 
hominids. The preference for nesting at forest edges and on hilltops has benefits of predator 
or competitor detection (Kortlandt, 1972). Chimpanzees may nest along waterways for the 
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same reasons. Therefore, the frequency of archaeological deposits around waterways may 
not be due primarily to fluvial influences (e.g., Binford, 1983), but rather it may be a result of 
these areas being preferred for sleeping or congregating. The prevalence of nesting sites in 
waterway areas is also linked to preferred habitat types (i.e., gallery forests), but the location 
of nests frequently in close proximity to these waterways is indicative of their importance as 
a feature. If species like H. habilis remained somewhat arboreal (Sabater Pi et al., 1997), 
these locations would provide them an aspect of protection and ability to escape predators. 
Such a trend would not be evident in modern hunter-gatherers, as modern humans are 
terrestrial. 
The importance of group living for both safety and resource exploitation is seen in 
chimpanzees, both generally and in their preference to nest together (Pulliam, 1973; van 
Schaik, 1983; Wrangham, 1980; Tutin et al., 1983). The formation of larger parties at 
Assirik has been posited as a reaction to predator pressure (Tutin et al., 1983 ). Social factors, 
including the presence of cycling females, have also been cited as playing a role in 
chimpanzee party size (Goodall, 1986; Boesch, 1996). Alternate ecological factors, like 
patch size, have been found to be more important than absolute food abundance in a habitat, 
though this may be site-specific to Budongo, as results regarding the relationship between 
food availability and group size are inconsistent among chimpanzee communities (see 
Newton-Fisher et al., 2000). Large parties have also been associated with monkey-hunting 
seasons in both Gombe and Tai (Boesch, 1996), indicating that the type of food resource also 
may influence group size differentially. 
Fluctuations in group size may not be as important as overall group stability and 
cohesion. It is possible that Homo species had greater group cohesion than 
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Australopithecines, allowing them to better utilize a mosaic environment and defend 
resources. It has been suggested that bonobos may convene in large nesting parties to share 
knowledge about food patches (Fruth and Hohmann, 1996), and this could be extended to 
hominids who would have benefited from such collaboration. More cohesive grouping in 
later hominids also has implications for social behavior such as food sharing. Boesch (1996) 
also found that Tai chimpanzees engaged in meat-eating formed larger parties than they did 
during other activities, including resting. Investigations into food sharing and the ecological 
context of such behaviors are crucial for understanding particular aspects of human 
evolution. 
Food shcn~inb and sleepij~g sites 
The extinction of Australopithecines during the Plio-Pleistocene is concurrent with 
the expansion of Homo species. Perhaps food sharing allowed Homo species to survive 
during seasonal resource scarcity when Australopithecines could not. Food sharing in 
chimpanzees has been linked to both social and reproductive benefits, specifically with 
reference to meat (Stanford et al., 1994). Following this, meat is more often shared than are 
plant-based foods, though sharing of the latter does habitually occur (Slocombe and Newton-
Fisher, ?005). Sharing plant-based foods has been attributed primarily to within family 
occurrences (Goodall, 1986), whereas reciprocity involving meat is associated with 
strengthening social bonds, often between males (Mitani and Watts, 2001). 
This study did not explore food sharing, and data have not yet been published about 
food sharing in savanna chimpanzees except to report its occurrence (Bertolani and Pruett, in 
prep.). However, conclusions can still shed light on habitat use in general and may give 
insight into the various hypotheses proposed to explain fossil sites that include carcass 
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assemblages. Specifically, nesting ecology conclusions are useful in providing a context in 
which to investigate habitat selection for certain hominid activities that may share the same 
requirements as sleeping (e.g., safety). 
Premo (2005) suggests that hominid food sharing is more likely to occur in areas with 
fragmented woodland. Regardless of the actual habitat type in which the assemblages are 
found, all share some degree of proximity to woodland, and this seems to be a significant 
factor in site placement (Sikes, 1994; Dominguez-Rodrigo, 2001). Riparian woodlands 
provide some degree of cover, and they are therefore habitats where hominids would have 
been relatively safe from predators and competition for their kill (Dominguez-Rodrigo, 
2001). Chimpanzees make similar considerations when choosing places to nest. Because the 
safety ramifications and social factors of nesting may be similar to those of congregating to 
disassemble carcasses, comparisons can be made between the activities. Additionally, 
hominids probably also would have had seasonal access to water resources in these areas, 
which is also an important consideration for savanna chimpanzees planning to spend a 
significant amount of time in one place. 
Sikes (1994) determined that concentrations of hominid activity during the Plio-
Pleistocene were correlated with the availability of abundant and diverse plant-based food 
resources. It is possible that these same sites also could have been used for social interaction 
and sleeping (Dominguez-Rodrigo, 2001). This conclusion coincides with the findings that 
food resource availability is in important determinant in nest site selection. Though hominid 
sleeping sites would likely be constructed from plant material, and thus they would not 
preserve in the fossil record, it may be possible to begin to build a model of hominid sleeping 
sites based on chimpanzee nesting behavior and ecology. 
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Some hominids may have slept in trees, while others likely slept on the ground. 
Though the implications of these differences may be broad, general comparisons can still be 
made to the nesting patterns of chimpanzees. Chimpanzees do not habitually reuse nests, but 
they often return to the same areas for sleeping, although they are not regular enough to be 
considered home bases. This behavior may be related to foraging, but further examination of 
these patterns is needed to determine resource distribution near reused nest sites. Hominids 
may have also returned to the same areas for sleeping, and this behavior, like nesting, could 
help strengthen social bonds if groups are split up during the day. Even if hominids did 
return to known sleeping sites, it is possible that, like chimpanzees, they also regularly 
changed the location of their actual sleeping places. This has been posited as a behavioral 
adaptation in chimpanzees for avoiding both predators and parasites (Baldwin, 1979), and it 
could also be extended to make inferences about the sleeping behavior of hominids. 
Chimpanzee sleeping patterns could be compared to extant human sleeping patterns 
to elucidate the similarities and differences that exist. This information would be useful in 
referential models of hominid sleeping patterns. If modern hunter-gatherers are used as a 
model for hominid sleeping sites, one would expect small middens or "breakfast dumps" of 
food remains around the spots where they slept (Binford, 1983). Again, these middens may 
be composed of plant-based materials and therefore would not preserve well, but small bones 
or small bone assemblages may indicate comparable circumstances. Larger sample sizes are 
needed in the hominid fossil record, both of hominids themselves and of the evidence 
resultant from their behavior. 
Small sample size in the fossil record will likely always be an issue in reconstructions 
of hominid life. The generality of paleoenvironmental reconstructions will also continue to 
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be limiting. However, as the fossil record does increase, predictions based on referential 
chimpanzee and modern human models can be further tested. The role that environmental 
change played in the behavioral adaptations and evolution of hominids can be illuminated, 
and the nature of specific assemblages can be further explained. 
6.3 Implications for Conservation 
As the western subspecies of chimpanzees (P. t. ve~~us) is one of the most endangered, 
and only 200-400 chimpanzees remain in Senegal (Carter et al., 2003; Pruetz et al., 2002), 
the conservation of all communities is crucial. The Fongoli community is no exception, and 
the increasing human population and evidence of disturbed habitat in the region support this. 
As mentioned, the human community in this area rarely poses a direct threat to chimpanzee 
well-being, but increased land use may eventually render the environment inhospitable to 
chimpanzees. 
Studies of primates in protected areas of rainforest have shown that the removal of 
trees can be non-detrimental to certain primates. Chapman et al. (2000) conducted research in 
Kibale National Park, Uganda, where they concluded that heavy logging is not compatible 
with the conservation of primates. However, selective logging had no adverse effects on 
some Colobus species (Chapman et al., 2000). Chapman and Onderdonk (1998) also found 
that chimpanzees in Kibale could adapt to logged and/or cultivated habitat, and they were 
observed to utilize areas degraded by human use (Chapman and Lambert, 2000). Similarly, 
in the Budongo Forest Reserve in Uganda, selective logging activities were found to have no 
effect on chimpanzee densities, and this was attributed to these primates' terrestrial nature 
and relatively large ranges compared to sympatric primates (Plumptre and Reynolds, 1994). 
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While such findings sound promising for primate species such as chimpanzees, they 
cannot be extrapolated to the habitat loss seen in places like Fongoli. The slash and burn 
agriculture practiced in the region is not akin to selective logging and must be considered as a 
different system. Perhaps most important is the mosaic nature of the savanna habitat at 
Fongoli, which undoubtedly responds differently to the removal of tree stands. It has been 
suggested that disturbance-created fragmentation is more difficult to combat, as the effects of 
nornlal habitat loss may be accelerated due to the increasing effects of isolation and 
decreasing size of quality patches (Bissonette, 1997). Furthermore, Isaac and Cowlishaw 
(2004) determined that large-bodied frugivores that utilize patchy resources, a description 
that characterizes chimpanzees in a mosaic environment, are more vulnerable to disturbance 
than are smaller folivores such as the aforementioned Colobus monkeys. 
Moreover, human disturbance may provide cues that affect the ability of animals to 
assess the quality of their habitat. It is unlikely that chimpanzees would be vulnerable to the 
ecological trap of selecting poor habitat over higher-quality patches (Baton, 2004), but they 
may have no choice if poor habitat is all that remains. Examining multiple factors would 
constitute a more extensive long-term study, but one attainable piece of information that can 
be valuable to conservation, and one that primatologists can examine in a standardized way, 
is how chimpanzees utilize the environment that is available. 
While the amount of disturbed land in southeastern Senegal is alarming, it does not 
necessarily mean human land use is incompatible with habitation by chimpanzees. Humans 
are primarily using the grassland habitat type. This may be because there are fewer trees to 
remove, making it easier to convert and plow. Because chimpanzees at Fongoli avoid 
grassland, this conversion may not affect them in terms of resource loss. However, it does 
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threaten to make their range even patchier. It also threatens to deplete resources that may be 
essential in times of resource scarcity in other habitat types. Essentially, creating fields 
renders an area similar to plateau, as it has little that is of use to chimpanzees, with the 
exception of the possibility feeding trees remaining. Potentially, chimpanzees could also 
consume the crops that are grown in these fields, but this may lead to increased danger for 
them as negative reactions from the human population would probably result (Humle, 2003). 
Thus, even though grassland is not necessarily `selected', it does not mean that it is 
low quality or being avoided, and ignoring these `unused' habitats may be detrimental to 
conservation. In general, attributing meaning to selection is dangerous without also assessing 
the quality of that which is being selected (Van Horne, 1983). Even if the quality of certain 
habitat types can be determined and these types are preserved, it may not be enough of an 
effort to ensure the long-term survival of animals (Battin, 2004) like chimpanzees. Low-
quality habitat may also play impol-tant roles such as providing food during times of resource 
scarcity. Therefore it is important not only to know which habitat types are selected for use, 
but also which components of these areas make them desirable. Grassland, for example, may 
provide important resources for the chimpanzees, and longer teen studies need to be done to 
determine both their use of this habitat type and human use of the landscape, as human 
habitat selection also plays an important role in the conservation process (Morris, 2003a). 
For instance, Fongoli chimpanzees also avoid plateau, but humans also seemingly 
avoid it for fanning, as the nature of the ground makes it unsuitable for alterations. Thus, a 
management plan should not encourage replacing the use of grasslands with the use of other 
habitats, because plateau would not be utilized, and, more likely, essential habitats such as 
woodland would be chosen. Instead, more efficient use of habitat should be encouraged 
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(Duvall, 2003). Moreover, it has been observed in the Fongoli area that often lands are 
altered and then not returned to for use; this behavior should be discouraged. Chimpanzees 
may already be negatively affected by the increased human land use in Fongoli, but the 
community has not been studied long enough to make conclusions about changes in 
demographics or population dynamics. 
In general, if a conservation plan is eventually instituted, it should also consider 
necessary habitat features, not just habitat types. It is obvious that gallery forest and 
woodland are the most often utilized and most preferred habitat types of the Fongoli 
chimpanzees, but it is necessary to determine what features make them so. Canopy cover 
and stem density are likely candidates, but resource distribution most likely has a stronger 
effect on determination of daytime and nighttime use. The biggest threat to chimpanzees at 
Fongoli in this respect may be the increased human dependence on Saba fruit. Waller (2005) 
has made several conservation recommendations concerning Saba collection, namely 
prohibiting agricultural use and monitoring Saba collection in designated areas. 
Conservation plans that target preservation of Saba fruit will also have benefits for local 
people, but the incidence of large-scale collectors from outside of the local vicinity still need 
to be addressed. 
In addition to general area conservation, nesting areas should also be given careful 
consideration. Sites that chimpanzees are known to use repeatedly should be avoided for 
human use. Specifically, land along the Kerouani River and its tributaries (Petit Kerouani 
Deusieme and Petit Kerouani Troisieme) appears to be especially important for nesting. If 
the time comes for refuges to be delineated, this region of the Fongoli chimpanzees' home 
range should be considered. Even if we do not know exactly why these sites are chosen, they 
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are evidently important to Fongoli chimpanzees. In general features that we do know the 
importance of, such as large and tall trees, should also be preserved when possible. Efforts 
should be made to prevent fi-agmentation of areas with high canopy cover and further 
fragmentation of patches in general. Taba (Cola cordifolia) and keno (Pteroca~~iis 
e~~inacezts) trees should be given special attention, as they are the preferred species for 
nesting. Humans use these trees for food, fodder, and medicine (Waller, 2005), but this use 
does not seem detrimental, as they do not need to kill the tree and the resources provided are 
not staples in their survival. 
It is unclear whether chimpanzees avoid human use areas, or if their preferred areas 
just happen to be away from dense human habitation and activity. The rarity of nests found 
near villages and fields may be less an indication of avoiding human interaction and more an 
indication of the lack of habitat suitability in these areas. Amore in depth look at resource 
distribution and human and chimpanzee use of the environment will provide more answers. 
Increased behavioral observations of daytime habitat use by chimpanzees and reaction to 
humans will also aid in drawing conclusions about these interactions. 
Further conservation-focused research may indicate the need for a specific plan to 
ensure the survival of Fongoli chimpanzees. The need for community-based conservation 
plans is increasing worldwide, especially with respect to endangered species, as many are 
located on private or unprotected lands (Peterson et al., 2004). These projects have proved to 
be difficult in the United States (Peterson et al., 2004), but the difficulty is exacerbated when 
the focal species lives in a developing country and efforts to conserve it are international. 
However, a community approach to conservation is crucial in the Tomboronkoto region of 
Senegal, as it must not exclude the needs of the human communities inhabiting the area. 
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What a plan like this might entail requires much more in-depth consideration, but, to be 
successful, it must account for both the people and chimpanzees. 
6.4 Future Research 
Many possibilities for future research have been mentioned throughout the 
presentation of results and conclusions of this study. One of the most prevalent 
recommendations for future resource include better description of the composition of habitat 
types, with regard to structure, composition, and resource distribution. This will allow 
relationships among and within levels of habitat selection to be disentangled. Further 
examination of resource distribution and its relationship to both habitat use and nesting 
ecology is also essential. Increased behavioral data and longer studies will be crucial for 
both the conservation of the Fongoli community and the information it can provide for 
paleoanthropological reconstructions. 
Many non-ecological variables associated with nesting were found to be important in 
this study, and further research into the social dimensions of nesting will aid in illuminating 
another important factor affecting multiple levels of habitat use. Social behavior is perhaps 
harder to decipher in the fossil record than is ecological data, making this information from 
chimpanzees especially useful in creating predictions. Though not all inferences can be 
tested, they can be compared with ethnographic data of modern humans to determine 
similarities that may have also existed in our intermediate hominid relatives. Conclusions 
will likely remain speculative, but they can be refined and expanded as all fields of 
anthropology contribute to the knowledge base about hominid behavior and evolution. 
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Appendix 1: Behavioral Catalog 
Behavior Description 
Feed and Forage Pursuing or searching for food; Collecting 
or removing food from substrate; 
processing or eating food 
Travel Moving arboreally or terrestrially between 
two or more points 
Rest Sitting or lying; remaining immobile 
Social Interacting with at least one other 
chimpanzee; e.g., play, groom, aggress, 
copulate 
Flight Moving away from stimulus perceived as 
alarming or disturbing 
Vigilance/Watching Looking intently at another's actions 
Observer Related Response to presence of observer; may 
include flight or vigilance/watching; 
hiding; vocalizing; threatening; other 
Unknown/Out of Sight Activity not recorded or focal animal not 
visible to observer 
Other Behaviors not listed 
(Adapted from Tutin et al., 1983 and Nishida et al., 1999) 
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Appendix 2: Tree Species at Fongoli 
(See Pruetz, 2006 and Waller, 2005 for more com lete lists of chim anzee and human use) 
Malinke Name Scientific Name Proportion of 
Habitat 
Proportion Used 
for Nesting 
BANDA 1.2 0.12 
BAOBAB/SITA Adasonia digitata 0.24 0.73 
BATIO Nauclea latifolia N/A 1.33 
BARIKENYAKENYANO ,~ 0.481 N/A 
BEMBE Lannea microcarpa 0.48 N/A 
BEMBENENE La~7nea velutina 0.48 N/A 
BINTI KILAO/BINTIKLINGO Lannea acida 1.7 0.73 
BUNKU Bombax costatun 1.44 0.24 
CABA Saba senegalensis N/A 0.36 
DEREDERE FicLcs abutifolia N/A 0.48 
DIALA/DJALO Khaya senegalensis 0.48 1.21 
DOUGOUTA Cordyla pinnata 0.722 N/A 
FADRA ? 0.481 0.73 
FARO/FARA Piliostigma 
thonningii 
0.722 1.34 
FARASI ? 0.24 N/A 
GARA ? 3.00 0.12 
GULINYO 0.24 N/A 
GUNYE Hexalobus 
monopetalus 
13.70 6.80 
GUTIYINGO 0.24 N/A 
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.. 
IRINDINGO Allophylis africanus 0.24 0.36 
JEWOKENO ? N/A 0.24 
JUTO/JUO Mitrgyna inermis? 0.24 1.21 
KAYLANCE ? N/A 0.12 
KENO` Pterocarpus 
erinaceus 
18.10 28.6 
KERE Anogeissus 
leiocarpus 
0.48 2.40 
KERINDOTA ? 0.96 0.36 
KOLKALAU ? 0.24 N/A 
KOTOGUNO ? 0.72 N/A 
KOTOKOTOFINO ? N/A 0.24 
KROKENDE Hymenocardia 
acida 
1 .44 N/A 
KUKUA Diospyros 
mespiliformes 
0.24 7.05 
KULUKALAO ? 1.44 0.24 
KUTUFINO Vitex madiensis 0.48 N/A 
KUTUNINCO ? N/A 0.12 
KWARA St~ychnos spinosa 9.63 7.29 
LENKE Afzelia africana 0.72 N/A 
MARINSAKENO ? 1.68 0.48 
MINKON Spondias mo~nbi~~ N/A 0.73 
NENYAGA ? 0.48 N/A 
NETE Parkia biglobosa 11.1 8.63 
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PAWDA 
PETIT MINKON 
POTOMINCO 
? 
? 
N/A ~~~ 
N/A 
N/A 
0.3 6 
0.12 
0.97 
SAMBE ? 0.96 0.73 
SANTANO ? 0.24 0.73 
SE Vitellaria pa~adoxa 0.96 N/A 
SEHO Ficus itlgens 0.481 0.73 
SEROLKABA ? N/A 0.12 
SER ? 0.24 N/A 
SERE Ximenia Anze~~icana 0.24 N/A 
SIKUMPA Ochna ~~hi~omatosa N/A 1.70 
SOTO Ficus glumosa N/A 0.24 
SOTOBADO Ficus sycomorus N/A 0.12 
SOTONENYA Ficus spp. N/A 0.24 
SOTONUNCO Ficus suf~ 1.68 3.30 
TABA* Cola co~difolia 7.22 12.52 
TONTOSARA ~, 3.86 N/A 
TOTA ? 0.24 N/A 
WOLO Terjninalia spp. 6.27 0.97 
WOLOBA ? 1.2 N/A 
WONKO ? N/A 0.12 
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YAMBACATAO Combretum spp. 10.1 N/A 
YAMBAMUSU Combretum 
aculeatum 
6.51 N/A 
YELA N/A 0.97 
Acacia 
ehYenbe~giana 
0.24 N/A 
Ficus spp. N/A 0.97 
Jatropha curcas 0.24 N/A 
*Indicates selection for nesting 
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